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In past years, the Ship Structure Comittee has conducted
several studies to determine the camparative effectiveness of

glass-reinforced plastics and aluminum for ship hull construction.
The nrocedure follaved reculired that a fairly comlete set of
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carpetitive ship designs be developed for each evaluation, making
this type of trade-off investigation an expensive and time-
consuming process.

To improve this situation, simpler, quicker and less
expensive procedures, which would still yield the level of
accuracy necessary to support investment in expensive material
development projects and to justify construction of ships of
uncamon material corbinations, were sought. The initial approach
has been to develop a model that examines the econamic effects
of such things as ship life, construction costs, repair and
maintenance costs, together with noneconamic considerations, such
as suitability for intended use, environmental impact and use of

natural resources.
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This report describes this effort and provides an e.xanple
camparing aluminum and mild steel. Your comrents and opinions
on this report or on future studies are encouraged.

Rear Admiral, U. 8. Coast Guard
Chairman, Ship Structure Committee
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INTRODUCTION

Work under this contract was limited to the development of a method for
conducting Material Trade-0Off Studies for merchant ships, and to the
performance of a sample calculation to demonstrate that methed. The contract
did not include the development of a method applicable to non-merchant vessels,
or the development of computer programs to perform the calculations, or the
preparation of data needed for the sample calculation. Valid data were to be
used when available; where such data could not be obtained, reasonable estimates
were to be used to illustrate the application of the method.

The purpose of a Material Trade-Off Study is to evaluate the desirability
of a proposed new material for merchant ship structure. Implicit in the term
"Trade-Off Study” is the requirement that there be at least two alternates to
be compared. For Material Trade-Off Studies, the alternate material used fox
comparison is steel. Steel was selected because of its use and acceptability
throughout the shipbuilding industry.

The method developed during this project provides a rational and systematic
way to compare a ship built of any proposed new material with a similar ship
built of steel. This approach is intended to meet the needs of a shipowner who
wants to investigate the use of an alternate structural material for a specific
ship design. It is, however, a very flexible method and is equally well suited
to the needs of a material supplier who wants to find new applications for his
product, or to the needs of a researcher who wants to improve existing
materials or develop new ones. The method can be used to evaluate the
desirability of an alternate material for an entire ship structure, or for
any selected part of that structure (such as cargo holds or bottom shell); it
thus permits the consideration of different materials in different parts of
the ship. It can also be used to evaluate the effect of proposed changes in
material properties, and thus to indicate the desirability of proposed research
and development of improved materials., The method is well adapted to computer
operation and can be used for parametric studies as well as for investigations
of single ship designs.

CONCLUSIONS

Work performed during this study has produced a viable method for evaluating
the use of a proposed new material in the structure of merchant vessels. The
method is based on comparison of a ship built of the new material with a
similar steel ship. It includes systematic techniques for substituting the new
structural material in place of steel, for "optimizing" the resulting new ship,
for developing the construction costs of that optimized ship, and for
evaluating the worth of the new ship compared to the original steel ship.

Caution must be used in interpreting the results of any Material Trade-Off
Study using this method. The results of such a study apply only to the
particular circumstances investigated (the specific ship, cargo, owner and
trade route) and do not necessarily apply in cother cases., It is not safe,
therefore, to draw general conclusions about a material from the results of
one or only a few studies.

There are many reasons why Material Trade-Off Studies of the same material
may produce apparently conflicting answers in different circumstances. One




reason is that the material may not be equally well suited to all applications.
An obvious example is that a material which is "very advantageous" in one trade
would be "undesirable" in another trade if it were incompatible with the cargo
carried in the second trade, BA less obvious example is that a material with a
relatively high acquisition cost might be "undesirable" in a trade where the
ratio of annual capital amortization cost to annual operating cost was high,
but "advantageous" when this ratio was reversed. This means that a study
invelving the same ship and cargo could produce different results on different
trade routes.

A second reason for the variation in results ' 3
is the different requirements of different owners. As noted in the section
"EVALUATION OF ECONOMIC FACTORS", many of the economic parameters used in
the calculation of RFR are established by the specific owner. Changes in these
requirements are reflected by differences in RFR and, therefore, by changes in
final material worth.

)

A more significant source of variation in material assessment is in the
choice of non-economic "factors"™ and "“attributes"; the assignment of "values" and
"weights" for each attribute, as discussed in the section "EVALUATION CF
NON-ECONOMIC FACTORS"; and the assignment of the (dollar per ton) multipliers
used to convert "factor ratings" to "factor worths", as discussed in the section
"COMBINED EVALUATION". All of these parameters are selected subjectively by
the owner or analyst. No two analysts would make the same selections, so no
two analysts would produce the same results.

The apparent lack of repeatability of calculations performed with this
method is not a defect of the system. Instead it reflects the basic fact that
the same material will not be egually good for all applications. The surprising
thing is that the term "different applications” includes such apparently minor
variations as the same ship for different trade routes, or the same ship and
trade route for different owners. It would, of course, be possible to make a
rigid definition of all the parameters that are used in the analysis and thus
ensure repeatability of results. This approach was not used and is not
recommended because it would generalize the procedure to a point where it was
academically interesting but of no value for practical use.

A sample calculation is included in the report to illustrate the steps to
be followed in a Material Trade-0ff Study. This calculation evaluated the use
of 5456 aluminum for the hull structure of a bulk carrier transporting ore from
Seattle to Yokohama. Evaluation was performed from the point of view of a
(hypothetical) ship owner. If a different viewpoint were used, some of the

evaluation criteria would change and the results might be different.

Three aluminum ship configurations were developed. ©One had the same
geometry as the steel ship (with greater cargo capacity), one had the same
carge capacity (with a different ship size), and the third had the cargo capacity
(and ship size] increased to reduce RFR. Results of the study are:



SHIP TYPE EVALUATION WORTH OF ALUMINUM

same geometry pessimistic -~ 0.41 $/ton
most probable - 0.32
optimistic - 0.22

same cargo capacity pessimistic - 0.69
most probable - 0.60
optimistic - 0.51

increased cargo capacify pessimistic - 0.21
most probable - 0.11
optimistic - 0.02

Negative worths mean that aluminum is less desirable than steel. These
worths can be compared directly with the steel ship RFR of 9.44 $/ton to assess
the importance of the numbers. On the basis of the sample study, aluminum
would not be recommended for the needs of this owner,

METHOD

Evaluation of the desirability of a proposed new material for merchant
ship hull structure can be done in a straightforward manner as shown in Figure 1.
A steel ship is selected to serve as the standard against which the new ship
can be compared, a ship using the new material is designed, and the advantages
and disadvantages of the two ships are gquantified. For merchant ships, the
primary attribute to be measured is profitability. This is frequently expressed
in terms of Required Freight Rate (RFR}, so RFR is used as the measure of
merit in this study. Non-economic factors are expressed as an eguivalent
percentage of this value and combined with it., The resulting numerical rating
is a measure of the worth of the new material in the specific circumstances
studied. This evaluation process involves six steps.

The flrst step is to select a steel ship on which to base the trade-off
study. It may be an existing ship or a proposed new design. When the study is
being performed for a specific owner, cargo and trade route, this selection is
simple; but when the study is intended to provide general information about a
proposed material, the selection is more complex. The apparent worth of a new
material is affected by the type of steel ship with which it is compared. For
example: a material which reduces structural weight may be very advantagecus
for carrying a dense cargo such as iron ore but may be of no value for a light
cargo. A material with high resistance to fouling and corrosion but poor
cold weather properties may be very advantageous in the tropics but unsuitable

£y TN oL ok | 1 1 -1 y
for operation in Arctic ice. It is important to remember that the results of

an evaluation under one set of conditions cannot be applied to other sets of
conditions without careful reanalysis.

When the cargo and trade route have been established, the characteristics
of the specific steel ship can be selected. This ship will serve two purposes.
First,it will serve as the "parent" for design of a comparable and similar
ship of the new material. Second,it will serve as a "base" for quantification
of the superiority or inferiority of the new material under the specified
circumstances.

-3=
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The second step is to develop a ship structural design using the new
material. This new design is based on the ship selected in Step One, using
the same ship lines, powering, and general arrangement. The new structure can
be designed by any standard Naval Architectural methods, or it can be adapted
from the steel ship structure as described in the section "STRUCTURAL DESIGN
DEVELOPMENT" The latter method is recommended when several ship designs or
materials are involved because it is quicker and less expensive, and because
it produces consistent results when many comparisons are to be made.

The third step is to "optimize" the new design. This process involves
modifications to the "new ship" design to improve its worth to the shipowner.
These modifications may include changes to things such as principal characteristics,
cargo capacity, speed and power, and even to the type of machinery if the
changed power permits, but they should not include changes to things such as
cargo handling apparatus, outfitting, etc. Normally, the steel ship design

should not be modified, but in some cases it may be necessary to optimize that
design also to ensure a fair comparison between materials.

The optimization process can be done intuitively by: any good Naval
Architect, or it can be systematized and programmed for computer operation.
Development of such a program was excluded from the scope of this contract and
no complete program is currently available. A preliminary version of such a
program is described in the section "DESIGN OPTIMIZATION".

The fourth step is to quantify the success with which the new ship fulfills
its mission, as compared with the parent steel ship. The mission of a merchant
ship is to earn money, so the measure of merit used for this analysis is
Required Freight Rate (RFR). RFR's are calculated for each ship; the difference
between them expresses numerically the economic advantage or disadvantage of
the new material for the specified service. Any standard method can be used
for calculating RFR; Appendix A describes a generalized computer program which
is suitable for merchant ship applications. This program, or any other program,
requires the ship construction cost as part of the input data.

Construction costs of the steel ship are included in the design information
collected for that ship. Construction costs for the new ship can be estimated
by normal cost estimating techniques, or can be extrapolated from the steel
ship data as discussed in the section "EVALUATION OF ECONOMIC FACTORS". The
latter technigue can be systematized and combined with the computer program
recommended in Step Three.

The fifth step is to evaluate the effect of non-economic factors on the
degirability of the new material. Normallv for a merchant ship, economics are
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all-important. However other factors should also be considered; in cases
where the economic differences are small; these other factors may govern. For
example, consider Risk. If an exotic material is used which can be welded at
only one or two building yards, the ship operator faces the risk that the ship
will be damaged while it is far from those yards and will be out of service
until it is towed to one of them for repair. Such a risk cannot be measured
economically but might negate a small advantage in RFR.

The section "EVALUATION OF NON-ECONOMIC FACTORS" describes how these
factors can be analyzed. The analysis method is applicable to any non-economic



factors. Five such factors have been described in the present study. These
can be deleted, or replaced, or supplemented by other factors to suit the
needs of any particular owner, without affecting the method of the Material
Trade-0ff.

The sixth step is to combine the results of the non-economic factor
evaluation with the RFR advantage or disadvantage of the new material. The
resulting number is a quantified measure of the worth of the new material for
the selected application. The method for obtaining this final number is
discussed in the section "COMBINED EVALUATION".

STEEL SHIP SELECTION

Almost any steel ship can be used as the base ship, but there should be a
reascnable amount of information available to the analyst. He will need such
data as ship operation and construction costs, geometry, weights, speed,
horsepower and crew size. Information that is not available must be estimated,
so the amount and accuracy of the available data directly affects the quality
of the analysis.

The selected ship's cargo, trade route, and general characteristics also
affect the evaluation. A new material being investigated will not be equally
suited to all cargoes and trade routes. For example, a lightweight material
might be advantageous where the steel ship was weight limited, but might offer
no advantage if the ship were volume limited. When an analysis is undertaken
for a specific owner, that owner will specify the service to be investigated.
1f, however, general information is needed on the performance of a proposed
new material, the choice of service is more difficult. In this case, it may be
necessary to perform a series of trade-off studies, using various types of
steel ships, to be able to draw general conclusions as to the usefulness of
the new material.

Once the ship type, cargo, and trade route have been established, a steel
ship representative of that service can be chosen. As this steel ship will be
used both as a base for developing the new material ship and as a standard of
comparison for that vessel, it must be chosen carefully. It should be a
successful, modern design which would be suitable for any new construction
program.

STRUCTURAL DESIGN DEVELOPMENT

General Description

‘The structural development section of the evaluation process produces a
"new" vessel which has the same lines and arrangement as the selected steel
vessel. The only difference between the two ships is that the proposed new
material is used for main hull structure in place of steel. This new structural
design may be prepared by standard Naval Architectural calculations, or it may
be synthesized from the steel structure as described below. The level of
detail of the new structural design should be approximately that produced in a
normal preliminary design study.




Structural Synthesis

Structure of the steel ship is broken down into "components" such as panels
of stiffened plating, or pillars. An "equivalent” component of the new material
is developed for each of these. (The term "eguivalent component” means one
which satisfies whatever structural requirements are applicable to it equally as
well as the steel component it replaces.) The new components are reassemblied
into a new hull structure, and the new structure checked both for compatibility
between its parts and for overall strength.

The magnitudes of the loads on each component are not calculated, but the
type of loading is. "Equivalence" between a new material and steel for each
component may be different for different loading conditions (tension, shear,
combined, etc.), so that the new component scantlings depend on the type of
load the component carries. If the steel component is adequate for the imposed
load,any "equivalent" new material component will also be adequate for that load,
so it is not necessary to calculate the magnitudes of the loads.

"Equivalence” depends not only on the type of loading but also on the
function of the component. Structures, such as a watertight bulkhead, which is
loaded only in an emergency and then is stressed beyond y"ln'lﬂ- may Y‘F\rl'l‘l’i re
different equivalencies from structure, such as a deep tank bulkhead,which is
loaded frequently and whose design stresses are well below yield. If the
mechanical properties, such as the stress-strain curve, of the new material are
different from those of steel, the equivalency at working stresses may be very
different from the equivalencies at yield, ultimate or fatigue stresses. Also,
configurations with equal strength frequently produce widely different deflections
and deflection may be the controlling factor. All of these possibilities must
be considered in substituting new components for steel.

Selection of Existing Structural Components

The main hull structure of the steel ship is broken down into major segments,
such as transverse bulkheads, longitudinal bulkheads, side shell, decks, etc.
These segments are in turn broken down into components which can be handled by
substitution. The basic components to be considered are:

1. Struts or Columns

ad Ar IInat
a or uUnsc

ffened Plates

3
3. Beams or Girders

Any structure which does not fall in one of these three categories is treated on
a case basis.

Struts or columns are usually long slender members designed to carry an
axial compressive load, but many variations of geometry and loading can be
found in normal ship structure.

Plates are usually flat and rectangular. They may carry in-plang tensile,
caompressive or shear loads as well as normal loads.

Beams, such as transverse webs, girders and side shell longitudinals,
are usually sections that provide edge support to plating panels. They are
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primarily loaded in bending, but tensile and compressive lcads may be significant.

Development of Loading Characteristics

Each major hull segment has a structural function. The steel components
of each segment have been designed for the type and magnitude of load, or
combination of loads, generated by that function. The alternate material
components are made equivalent in "resistance" to the steel components; they
are, therefore, suitable for the loading to which they are exposed.

Types of loading to be considered are:
1. 1In-plane tension
2. In-plane compression
3. In-plane shear
4, Normal loads
Types of resistance to be considered are:
1. Equal "ultimate"” load«carrying capacity
2. Equal “yield" or "buckling" load-carrying capacity
3. Equal "working" load-carrying capacity
4. Egual deflection under working loads
5. Equal deflection under design loads
€. Equal fatigue life under the type of loading expected

The required scantlings for an alternate material component are usually
different for different combinations of "loading™ and "resistance". 'In cases
where the component design is governed by a single type of load, and other
loadings are incidental, the corresponding equivalence formulas can be used
directly. An example of this would be an oiltight flat which is alsc subjected
te minor shear loadings from ship tension.

In cases where the component serves geveral major structural functions,
new scantlings must be calculated for each load-resistance combination and
the "worst case" solution used. An example of this would be a longitudinal
oiltight bulkhead which forms part of the main hull girdey. For some
materials, the oiltight function of the bulkhead would govern the scantlings;
for other materials, the main hull girder function would govern. All such
functions must be checked.

A major part of any material trade-off study is developing the necessary
formulas, or graphs to establish the scantlings of alternate material components.
This is discussed below in the section "DATA BANK". The steel ship must be
subdivided into components whose geometry and loading requirements are
compatible with the formulas available in that data bank.



Selection of Alternate Material Structural Components

Using the formulas or the tables and graphs from the data bank, a new
material component can be selected for each of the steel structural components.
Several alternate components may be available from the data bank; in this case
the following selection criteria is used.

1. Reject any compeonent that is not suitable for all the types of loads
that it may carry.

2. Reiect any component which encroaches on space that is essential for

b J TE—— b
some other purpose (e.g. a stiffener size that encroaches on space needed for
stowing or moving containers).

3. Where deadweight is the controlling factor on cargo carrying capacity,
trade-off structural weight versus initial ccst to maximize life-cycle productivity.

4. Where volume is the controlling factor on cargo-carrying capacity,
trade-off structural volume versus initial cost to maximize life-cycle
producitivity.

Developrent of the New Material Structural Configuration

A total ship structural configuration suitable for preliminary design work
is synthesized from the selected new material components. When this has been
done, the overall structural design is checked to ensure compatibility between
its various components. Each intersection is reviewed to ensure continuity of
structure and to eliminate any interferences which may occcur between adjacent
members.

Longitudinal strength is checked by calculating a minimum required hull

girder section modulus, using the base steel ship's hull girder section modulus
and the appropriate stiffener equivalency formula from the data bank. The new

DESIGN QOPTIMIZATION

All ship designs are not of equal quality. If several Naval Architects
were to produce designs meeting identical requirements, those designs would
differ. Necessarily, one of them would be "best" and one would be "worst",
When only a single design is prepared, it is sometimes difficult to determine
whether it is gocd, bad, or average. The steel ship selected as the "base™
for developing the new material ship should be a good design, one which has
been optimized for its service.

If the new material design has been developed by conventional Naval
Architectural methods and, therefore, optimized to the same standards as the
steel ship,; no further optimization is required. However,; if the new

structural design was developed from old components by synthesis, optimization
may be needed.

PR R . — I Rt

The process of changing steel structure to a different material can affect
it t design. Sometimes these differences
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overlocked; sometimes they are major. For example, consider a container ship.
If the new structure encroaches on space needed for one row of containers, the
reduction in the number of containers is very cbvious. If, however, the new
structure provides extra clearance arocund the containers, the difference might
not be apparent but the new ship would be larger and more costly than necessary.
In this example, the changes degraded the design; in other cases, the changes,may
improve it.

Direct comparison of the new design with the steel design may be misleading.
1f, for example, a "poor" new design is compared with a "good" steel design,
the apparent advantage of one material over the other may be caused by
differences in design quality rather than by differences in material. The new
design, then, must be optimized to the same criteria and level of excellence
as the steel design. 1In some cases, it may be necessary to make changes to
things such as hull form because of the new material, but changes of that type
are undesirable.

In the case of a container ship, this modification is straightforward. The
new ship must be expanded or contracted to fit the space required for containers.
In other cases the choice is not so easy. If, for example, the new ship can
carry more cargo than the steel ship when the hull and machinery characteristics
are identical, there are three options:

1. Keep the hull and machinery characteristics identical and accept the
greater cargo capacity;

2. Reduce the size of the ship and its machinery to make the cargo capacity
the same as that of the steel ship; or,

3. Increaseé the size of the ship and its machinery to minimize RFR.

Although Option Three appears to be the best choice, it is not recommended.
Normally RFR decreases with increasing ship size. It continues to decrease
until the ship becomes so large that additional propellers or additional crew
are required. If the new ship is arbitrarily made larger to reduce its RFR, it
may make the new material appear superior to steel even though the superiority
is solely due to the economies of increased size. TIf this option were to be
followed, the steel ship should also be made larger to permit a fair comparison
of the material worth. Changing both designs introduces complications and
potential errors and is, therefore, not recommended. This objection is
illustrated in Appendix G.

The choice between Options One and Two is less clear, but it can have a
major impact on the results of any Material Trade-Off Study. When the new
material produces a lighter structure than steel, Option One will usually
provide a lower "new ship" RFR than Option Twe. Conversely, if the new structure
is heavier than steel, Option One will usually provide a higher RFR. There are
no technical grounds for choosing one option over the other; the choice is a
matter of opinion as to which option produces a more nearly Ycomparable" design.
Option One is recommended because it is simpler to use and because it
eliminates any problems of excessive beam, draft, powering, etc.

lon is selected, the design may need to be modified
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{as in the example of the container ship) to meet specific cargo requirements.
If Option One is used, these are the only changes to be made. If Option Two

is used, the ship size and power must also be modified to make the cargo
capacity the same as the steel ship. 1If Option Three is used, the ship size and
power must be modified to "optimize" its performance with respect to RFR. In
every case where ship dimensions have changed, the new dimensions must be
checked to be sure they do not exceed any limitations on beam, draft, length,
horsepower per shaft, etc.

Modifications to the ship design must be made in a systematic and repeatable
fashion to permit consistent and reliable comparisons between the modified ship
and the steel ship. Reference (l) describes a rational method for making these
changes. This is further developed in the paragraphs below.

Method for Optimizing the Ship Design

A full description of the design to be optimized must be available, including:

principal dimensions = L,B,T
speed = v
power = SHP
weights - structure = ws
- machinery = W
m
- outfit = W
o
- stores and supplies = wss
~ perscnnel = W
p
- potable water = W
W
- reserve feed water = Wr
- ballast = Wb
~ fuel = Wf
- cargo = Wc

displacement = A = sum of these weights

Some of the weights (structure, outfit, ballast) are proportional to
displacement; some of the weights (machinery, reserve feed water, fuel) are
proportional to horsepower; some of the weights (stores and supplies, personnel,
potable water) do not vary with minor changes in ship size; one of the weights
(cargo) is independent of ship size.

Horsepower can be calculated by the Admiralty Coefficient methed, providing
the changes in ship size and speed are not excessive:

-11-




Az/a v?

SHP
= X

where,
SHP = shaft horsepower

A = displacement
v = sgpeed
K = Admiralty Coefficient

Horsepower, then, is proportiocnal to the two-thirds power of displacement, and
those weights which are proportional to horsepower also vary as- A% 73,

The modified displacement can be found from the formula:

A= k_A+k A4k A+ W _+W +W_ 4k APk A+k_ AP +w
] m © ss P pw r b £ c

where,

A = modified displacement

ks = ratic of old WS to old A

km = ratio of old Wm to old A%/3

k = ratio of old W to old A

o o

kr = ratio of old Wr to old A%2/?

kb = ratio of old Wb to old A

k. = ratio of old W to old AR/3

This is a cubic equation which can be solved directly for the modified displacement.

ship dimensions are varied in the ratio of the cube roots of the displacements.

The modified ship design must be checked to ensure that any limitations on
length, draft, beam or cargo-hold dimensions are not exceeded and to ensure
that the horsepower per shaft has not become excessive. This process can be
iterated, with any desired changes in principal dimensions, speed, power, or
weights, until the design has reached an "optimum" based on any specified
measure of excellence. The optimized ship design is then used for comparison
with the steel ship.

Computer Program

The design optimization procedure described above is well suited for
computer programming. Complete development of such program was specifically
excluded from the scope of this contract, but a Program Flow Chart, Figure 2,
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OUTPUT
COMPLETE
"MODIFIED" DATA

ITERATE
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has been prepared. In addition, a preliminary, simplified program was written
to verify the processes of the flow chart. This preliminary program was used
to develop the analyses shown in Appendix F.

EVALUATION OF ECONOMIC FACTORS

The purpose of a merchant ship is to make money. The worth of any change
in structural material must, therefore, be measured by the effect of that
change on the earning capacity of the ship. BAll other considerations are

secondary.

A widely used measure of earning capacity is the Required Freight Rate
(RFR). This Measure of Merit has been selected for use in the Material Trade-Off
Study. It is defined as the freight rate, expressed in dollars per ton, which
must be obtained to meet all expenses, both operating and amortization of
investment, and to produce a specified return on investment. RFR's for the
steel ship and for the new ship are calculated independently; the difference
between these values is a single number which expresses the economic superiority
or inferiority of the new ship.

Required Freight Rate

Any economic analysis that computes RFR can be used. Reference 26 and
its references describe several of these. Others are used throughout the
industry. It is essential that the same analysis method be used for both the
steel ship and the new ship because different methods will produce different
results. Appendix A describes a computer program which uses the Discounted
Cash Flow method to calculate RFR, It was used in the sample Material Trade-OfFf
Study of this report.

The steel ship RFR is used as a basis for determining the importance of
the final worth evaluation of a selected material., A “newmaterial" worth of
$0.30/ton might be considered insignificant if the total RFR were $40/ton but
could be very significant if the total RFR were <$l/ton). All data,which would
affect RFR,must, therefore, be included in the economic analysis; it is not
sufficient to analyze only those data which are affected by the difference in
material,

The RFR calculation is based on a complete analysis of the ship, the trade
route, the costs of acquiring and operating that ship, and the financial
requirements of the prospective owner, Some of the input required for this
analysis (things such as the ship type and trade route) is established at the
start of each Material Trade-Off Study. Some of the input {things such as
ship speed and cargeo capacity) is established during the ship optimization.
Some of the input (things such as costs and financial requirements) must be
established as part of the economic analysis.

Operating costs and the financial reguirements of a prospective ocwnexr can
be developed from information supplied by that owner, or from published
information on similar ships. Acquisition cost, however, must be developed by
the analyst himself,
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Acquisition Cost Estimate

Construction costs for both the steel ship and the new ship can be
developed by standard shipyard cost-estimating procedures. This, however, is
costly and time-consuming. A simpler method is needed, particularly when the
study involves more than one new ship. Such a method is described below.

The total cost of ship acquisition can be subdivided into cost classes
corresponding to the weight groups used for the weight calculation discussed
in the section "DESIGN OPTIMIZATION", plus a separate class for "Administration”
to cover such things as design costs, insurance, owners representatives, etc.
Each cost class (except "Administration") can then be defined by cost factors
{dollars per ton). "Administration” costs can be expressed as a percentage
of the total. The acquisition cost for any ship design can be developed from
these cost factors.

Cost factors for the steel ship can be calculated from actual cost data
{(or cost estimates) for the specific steel ship selected, or generalized cost
factors based on industry-wide averages can be used. Cost factors for the new
ship will be approximately the same as those of the steel ship for all classes
except "Structure". A structural cost factor must be developed for each new
material, based on cost estimates for typical constructieon. All these cost
factors will be prepared in the early part of any Material Trade-Off Study and
will form part of the data bank described in the section "MATERIAL DATA BANK".

Estimating costs by use of cost factors related to weight is not as
accurate as the standard complete shipyard cost estimate. It is, however,
sufficiently accurate for a Material Trade-Off Study because most of the weight
groups, and the related costs, do not change appreciably between the designs
to be compared. The major cost change is in "Structure®. The cost factor
for this class can, if desired, be further subdivided into cost factors for
each of the types of structure included in the data bank. The structural
cost can then be developed piecemeal as the structure itself is developed, in
accordance with the method described in the section "STRUCTURAL DESIGN DEVELOPMENT".

The cost factor method permits rapid cost estimating and, more importantly,
provides consistent results when several designs are involved. It also has
the advantage that it can easily be programmed for computer application. Such
a program could be included as part of the "optimization" program proposed in
the section "DESIGN OPTIMIZATION" so as to calculate ship costs at the same
time as ship designs.

EVALUATION OF NON-ECONOMIC FACTORS

Non-econcmic considerations are always less important than economic
considerations in evaluating the worth of a merchant ship. Non-economic factors
must, however, be considered in any complete evaluation. Many such factors
have an effect on the owner's expectation of profit, even though that effect
cannot be expressed in dollars. For example, the appearance of the ship may
improve or degrade the reputation of the company in the eyes of the public and
the financial institutions, and thus affect the availability of funds; or the
risks associated with a particular material may increase or decrease the likelihood
of unpredictable costs during the life of the ship.
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The effects of these non-econcmic factors are usually significant only
when the difference in RFR is small, but in some cases they may change the
result from "favorable" to "unfavorable" or vice versa. The present study has
developed a method for measuring these effects systematically and then combining
them with the results of the economic analysis to obtain a single numerical

mascnre AF wAaredh
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Method

The method is necessarily subjective rather than objective. No two owners
will agree on the importance to them of all of the non-economic factors that
may be considered, so the method must permit each owner to tailor the analysis
to suit his needs. Appendix B shows the forms developed for this analysis.

The first step is to establish what non-economic factors are to be
considered. Appendix B includes five typical factors:

Suitability for Intended Use
Environmental Impact

Use of National Resources
Government Involvement

Risk

Some of these factors will be more important to one owner than to another. Any
particular owner may elect to eliminate some of them or to add others to suit
his needs.

Each factor is subdivided into "“attributes" which describe the important
aspects of that factor. In this case also, any particular owner may elect to
eliminate some of the attributes or to add others to suit his needs., Each
attribute is assigned a "weight" which indicates 1ts importance relative to
other attributes of the same factor. The most important attribute is assigned
a weight of 10. Other attributes are assigned weights which indicate their
importance relative to the "most important" attribute and to each other. The
relative importances must be established by the person performing each Material
Trade~Off Study; they will be different for different studies because they
must be adapted to each owner's needs. For this reason, values are not shown
for the attribute weights in Appendix B. Typical values are used in the Sample
Calculation of Appendix H.

After all the factors, attributes and attribute weights have been
established for a particular Material Trade-Off Study, a "value" can be '
assigned to each attribute. Again, this assignment is subjective. It.reflects
the evaluator's opinion as to the significance of the difference imposed on that
attribute by the change in styuctural material. Attribute values are assigned
on a scale of 0 to +10 when the selected material is superior to steel and
0 to ~10 when it is inferior. 1In either case, .a value of 0 indicates that the
change in material has no measurable effect on that attribute; a value of 10
indicates that the effect is major. Because of the difficulty in establishing
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authoritative numbers for these "values", three numbers are assigned:
"pessimistic", "most probable", and "optimistic". This produces three "factor
ratings” which are then used to calculate three "total worths" of the material.

After all the attribute values for a particular factor have been assigned,
the values can be multiplied by the related weights and the "weighted averages"
calculated. The weighted averages are divided by 10 to normalize them within
the range -1 to +1, and the resulting numbers used for the "factor rating".

) The normalized ratings for different factors are independent of each other

and of the RFR value, so they must all be combined to establish the total worth
of the material. A method for combining them is described in the section
"COMBINED EVALUATION".

COMBINED EVALUATION

The economic evaluation produces a Required Freight Rate (RFR) expressed
in dollars per ton. The non-economic evaluation produces pure numbers. These
two evaluations must be combined to develop the total worth of the propose

T Rere11ms 2 R — P

Shﬁfv LAguLc 3 shows how this is uuue, using the five non-econ
described in Appendix B as an example.
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Profitability is the most important consideration in assessing the worth of
a merchant ship. Total worth is, therefore, expressed in economic terms - dollars
per ton. As the steel ship and the new ship RFR's are already in those units,
worth of the economic factor can be taken as the difference between the two
RFR's. However, "factor ratings" of non-economic factors must be converted to
those units. Each non-economic factor rating is, therefore, multiplied by a
dollar/ton value to obtain its “worth". These multipliers must be established
by the analyst, based on the importance of each factor to his operations or on
his evaluation of industry experience. He should consider both the actual cost
("This factor is worth x $/ton to me."] and its relationship to the base ship
RFR ("This factor is worth Y% of the base ship RFR to me.").

The sum of the individual worths of the non-economic factors, plus the
worth of the economic factor, gives the total worth of the new ship. These
three values (pessimistic, most probable, and optimistic), are a measure of
the advantage or disadvantage the new material offers when compared with steel.
Their significance depends not only on the calculated worth of the new material
but also on the RFR of the steel ship with which they are compared. As mentioned
earlier, a "new material worth" of $0,30/ton is much more wvaluable when the
steel ship RFR is < $1.00/ton than it is when the RFR is $40.00/ton.

The multiplying ($/ton) valuwes used to convert factor ratings to factor
worths are not shown in Figure 3. They must be established during each
Material Trade-0ff Study. Partly, this is so that the relationship between the
WOrths of the various factors will reflect the needs of the specific owner
;uvu;vcu, and pqu;y’Lt is to ensure a suitable relatlonsnlp between the factor
worths and the steel ship RFR, Typical values are shown in the sample calculation
of Appendix J. Assignment of these values must be done with great care, because
they can change the overall assessment from "favorable" to "unfavorable" or
vice versa if they are chosen poorly.
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MATERIAL DATA BANK

The term "Material Data Bank" refers to the collection of material information
needed to conduct a Material Trade-Off Study. Three types of information are
required.

First is basic data on the proposed alternate material and on the steel
which it replaces. This includes not only numerical values for things such as
"Design Properties", but also descriptive words for things such as "Advantages"
and "Disadvantages".

Second is a compilation of the methods to be used for substituting the
proposed new material in place of steel for various types of structure. This may
consist of design formulas, or of conversion tables and graphs.

Third is supplementary data on the alternate material compconents. This
includes such things as cost, weight, and space comparisons with the steel
component which is being replaced.

Basic Data

Figure 4 is an outline of the basic data needed. This format should be used
for all basic¢ data to simplify comparisons between materials. Most of the
information needed for a new material is readily available but some, such as
installed cost data, may have to be developed as part of the Material Trade-Off
Study.

Some of the categories shown in Figure 4 may not apply to every material.
In this case, the Data Bank entry for that category should be "not applicable"
to establish clearly that the category was not cmitted inadvertently. Similarly,
when information has not been developed, the item should be marked "not available®.
Some materials may justify additional categories. In this case, the new
entries should be added in a logical sequence within the existing outline.

Substitution Method

When sufficient basic data have been collected, a method can be develcoped
for substituting "equivalent” components of the alternate material in place of
the steel ship components. As discussed earlier in the section "STRUCTURAL
DESIGN DEVELOPMENT", "equivalence" may be different for each combination of
loading (shear, tension, etc.) and resistance (equal ultimate load carrying
capacity, equal deflection, ete.}. A separate substitution formula may,

therefore, be required for each such combination.

In many cases, the configuration of a new component will be different from
that of the original steel ship. Steel structure usually consists of stiffened
plating, I-beams, or pipes. New structure of metal, such as aluminum or high-
strength steel, may retain that same general configuration with different
stiffener spacing or stiffener shapes, but structure made of other materials,
such as reinforced concrete, will be completely different. It is important
that the substitution formulas developed in the Data Bank provide for efficient

use of the prepared alternate material.
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FIGURE 4 - MATERYAL DATA BANK. FORMAT
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FIGURE 4 — MATERIAL DATA BANK FORMAT (CONT.)
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Two techniques can be used for developing the new material components.
In the first of these, the conversion formulas in the Data Bank are used directly
to calculate new component scantlings. With the second approach, Data Bank
formulas are used to construct tables or graphs showing the equivalency of a
systematic series of components covering the range to be investigated. The
actual substitution is then made from the appropriate table or curve.

Direct use of the formulas is preferred when the Material Trade-Off Study
involves only a single material/ship combination. It is the approach used in the
sample calculations of this report. The second approach is preferred when many
material/ship combinations are being studied, because it is faster and produces
more consistent results.

Supplementary Data

Eguivalency information must cover more than

u 1 1 m
included are:

Weights. This is the installed weight per square foot or per segment. It
is used to determine the effect of light ship weight, deadweight and displacement.

Cost. This is the installed cost per sguare foot, or per pound of material,
or per segment. It is used to determine the effect on construction cost and
hence on life-cycle ship cost.

Space, This is the amount of space needed by the structural component.
Usually it is the depth of the stiffening member plus the plating thickness,
but some materials may utilize an unconventional configuration. Space is
normally not a factor but may affect the selection in cases such as a container
ship where specific clearances must be maintained.

Volume. This is the volume of the structure itself. It is normally not a
factor but may affect the selection in cases such as a tanker where the volume
of structure affects the usable volume of the tank.

SAMPLE CALCULATION

A sample calculation is included in this report to illustrate the Material
Trade—-Off Study method. Data needed for the sample calculation were compiled
from various published sources and are thought to be reiiable. However, the
calculation is intended for illustrative purposes only, so no attempt was made
to verify the accuracy of that data. In addition, the "non-economic" and
"combined evaluation" weighting factors were selected only for illustrative
purposes, based on the needs of a hypothetical shipowner, and are not intended
as a recommended set of values. For these reasons, the results of the sample
calculation should not be construed as a complete evaluation of the selected
material.

Aluminum 5456 was used as the proposed new material for this sample
caleculation. This was selected because much data about 1t;W€Ie»123511Y‘available
and because it had been used in a previous study of new hull structures;
Reference 4.
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Data Bank for Sample Calculation

Appendix C contains the sample Material Data Bank. This appendix has three
parts:

Part I. Material properties for steel and aluminum.

Part IT. Conversion formulas for converting steel structure to equivalent
aluminum structure.

Part III. Supplementary data (weight, cost, space and volume).

Appendix D contains the sample Ship Data Bank. All the available information

on the steel ship selected as a base for the Material Trade-Off Study is
tahulated in thig Data Ban far

‘.‘......‘.._... dedd Nk bmlend A A DGO

Material data have been collected for ABS mild steel and for 5456 aluminum,
using the format shown in Figure 4. The ABS mild steel data are included to
permit side by side comparison of individual items. In addition, where
quantitative data are available, the ratio of the aluminum value to the mild
steel value is given.

The question of appropriate environmental conditions deserves particular
attention in the Material Data Bank. At least four significantly different
areas can be identified for a typical ship: the bottom shell which is normally
fully immersed in water; the side shell which is alternately immersed depending
on the ship loading condition, wave action, and water spray; the deck which is
occasionally wetted by waves and water spray; and the internal surfaces which
may be subject to corrosicn and/or abrasion from various cargoes. In addition,
the effects of coatings need to be considered, since a mild-steel ship is usually
coated throughout whereas an aluminum ship may not be coated above the waterline
or internally.

One area which needs further work, particularly for a bulk carrier, is the
abrasion resistance of aluminum. The limited available data indicates that the
5000 series alloys will abrade at approximately four to five times the rate of
mild steel. Of course, the required abrasion allowance for various structures
will depend on the cargoes to be carried. For highly abrasive bulk cargoes, an
analysis may be used to trade off the cost of providing additional abrasion
allowance initially against the cost of renewing affected plating periodically.

Another area which needs further development is construction costs. The

M 1
alues given are estimates for typical merchant ship structures. These values

an be extended to permit trade-~off analyses between different structural systems.

¥

Fatigue is also an area which needs further investigation. The problem
here is not a lack of data but rather a lack of guidelines as to what to use,
because the variables are so numerous., For example, in the computerized
data bank covering fatigue of aluminum alloy weldments at Iowa State University,
there are currently sixteen possible specimen types, thirty-two possible joint
typea, fifty-seven possible special treatments, thirty-three possible welding
procedures, and three possible stress ranges for each aluminum alldy and temper.
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The fatigue curves used in this study are for butt-welded plates with
reinforcement left on, tested in air. For more detailed study of aluminum
fatigue problems, the Iowa State University data bank can provide much additional
data.

Steel Ship Selection for Sample Calculation

A ship type, cargo and trade route were chosen arbitrarely for the sample
calculation:

Ship type = bulk carrier
Cargo = ore
Trade route = Seattle to Yokchama with cargo, and return in ballast.

Based on these requirements, the M. V. CHALLENGER was selected as the steel
ship. This vessel had been used in the previous study, Reference 4.

Structural Design Develcpment for Sample Calculation

Appendix E contains the sample calculations needed to synthesize an aluminum
ship design based on the steel ship of Appendix D.

The structure of the steel ship was subdivided into major components. The
type of loading was determined for each component, and the appropriate conversion
formulas selected from Part II of the Material Data Bank. These formulas were
used to develop equivalent aluminum components.

All interfaces between the aluminum components were reviewed to ensure
compatibility of the new structure. Because both the aluminum and the steel
components are basically stiffened plates, and because the stiffener spacing was
made the same for both materials, no incompatibilities were found in this sample
calculation.

Longitudinal strength was checked to ensure that the strength of the new
hull girder was eguivalent to that of the steel ship. Hull stiffness was also
checked.

Supplementary information on the synthesized ship was developed using the
equivalency relationships of Part 1II of the Material Data Bank. Structural
weights were calculated in Appendix E; costs were calculated in Appendix G.

Space and volume requirements are not significant for the ship used in the sample
calculation, and were not calculated.

Design Optimization for Sample Calculation

Appendix F contains the design optimization calculations for the sample
ship. A simple computer program based on the method described earlier in the
section "DESIGN OPTIMIZATION" was used. Each of the three options discussed in
that section was investigated. These are:

1. Keep the hull and machinery characteristics identical and accept the
greater cargo capacity:
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2. Reduce the size of the ship and its machinery to make the cargo capacity
the same as that of the steel ship;

3. Increase the size of the ship and its machinery to minimize RFR.
{This third option was not. followed exactly. The cargo capacity was increased
5% to illustrate the effect of such an increase. No attempt was made to increase
the capacity enough to minimize RFR.)

For the first option, the aluminum ship characteristics synthesized in
Bppendix E were used. For the second and third options, a changed cargec capacity
was input, and the computer modified the remaining characteristics accordingly.
Each of the three designs resulting from this optimization process was subsequently
evaluated, both economically and non-economically, and compared with the basic
steel ship.

Economic Evaluation for Sample Calculation

appendix G contains an economic evaluation of the basic steel ship and of
each of the three aluminum ships developed in Appendix F. These evaluations
used computer program GENEC, described in Appendix A, to calculate the Required
Preight Rate (RFR) for each ship. These RFR's are:

SHIP RFR ($/TON)
Steel ship 9.44
"Same geometry" aluminum ship 9.67
"Same capacity" aluminum ship 9.95
"Increased capacity" aluminum ship 9.46

Costs for the steel ship are tabulated in Appendix D. Costs for the
aluminum ships are calculated in Appendix G. Appendix G also lists the economic
assumptions and voyage data needed for the RFR analysis.

Costs are divided into four major categories:

Fuel

Acquisition

Operating

Scrap Value {credit)

Fuel costs are calculated by the computer, based on the fuel consumption for each

leg of the voyage and for the time in port. These values are not affected by
the hull structural material, Fuel cost is given in Part III of the Data Bank.
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Acquisition costs are broken down into seven sub-categories:

Structure
Construction Waste Credit
Machinery
Cutfit
Design
Overhead
Profit
Information on these costs is given in Part III of the Data Bank.

Operating costs are broken down into five sub-categories:

Manning and Subsistence
Shore Staff

H and M Insurance

P and I Insurance
Maintenance and Repair

Information on these costs is given in Part III of the Data Bank,

Sexap value for aluminum is much greater than it is for steel. 7Tt is based on
structural weight only, on the assumption that the residual value of machinery
and outfit at the end of the ship's life will cover the cost of dismantling the

vessel. Cost factors for scrap are given in Part I of the Data Bank.

Non-~Economic Evaluation for Sample Calculation

Appendix H contains the non~economic evaluation of aluminum versus steel,
using the five evaluation factors described in Appendix B. These evaluations
apply equally to all three aluminum ships developed in this sample study. The

factor ratings are:

Rating
Factor Pessimistic Probable Optimistic
Suitapility for Intended Use - 0.111 - 0.077 - 0.038
Environmental Impact o + 0.033 + 0.058
Use of National Resources - 0.137 - 0.066 - 0.00%9
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. Rating
Pactor Pessimistic Probable Optimigtic
Government Involvement - 0.014 + 0.036 + 0.133
Risk - 0.147 - 0.096 - 0.081

This evaluation was performed from the point of view of a hypothetical
shipowner. Plus values mean that aluminum is advantageous to him; minus values
mean that it is not. If a different point of view had been assumed {(perhaps that
6f the U.S. Maritime Administration), the various attributes might have had
different "weights" and would certainly have had different "values", so that the
final ratings would have been different.

Combined Evaluation for Sample Calculation

Appendix J contains the combined evaluation of aluminum for the three ship
designs developed in the sample study. These final "worths" are expressed in
the same terms as RFR ($/ton). Their importance can be assessed by comparing
them with the RFR of the basic steel ship (2.44 $/ton). This comparison is:

SHIP TYPE EVALUATION WORTH OF ALUM % OF BASE RFR
same geometry pessimistic - 0.41 $/ton - 4.3
most probable - 0.32 - 3.3
optimistic - 0,22 - 2.4
same cargo pessimistic - 0.69 - 7.3
capacity most probable - 0.60 - 6.4
optimistic - 0.51 - 5.4
increased pessimistic - 0.21 - 2.2
cargo capacity most probable - 0.11 - 1.2
optimistic - ¢g.02 - 0.2

These data show that aluminum is not suited to the needs of the hypothetical
owner described in the sample calculation, unless he is willing to use a larger
(increased cargo capacity) ship. Figure G5 shows that a larger aluminum ship
would be advantageous, but the improvement in RFR {(and worth) is attributable
to size, not material. However, it is probable that a larger ship of steel
would be better than the larger ship of aluminum.

RECOMMENDATIONS

Four areas are recommended for further study.

First: The method should be extended to include non-merchant ships. In
this extension, the mission of the ship would be defined in non-economic
terms, so that the measure of worth of the new material could be expressed
without an economic study. Simultaneously an economic study would develop the
life-cycle costs of the steel ship and the new ship. The advantage or disadvantage
of the new material would then be measured by the ratio of the change in cost
to the change in mission effectiveness.
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Second: The computer program described in the section "DESIGN OPTIMIZATION"
should be developed. This program would permit rational and consistent ship
design modifications to meet any specified "optimization" criterion. Such a
program would have value for other ship design work in addition to the Material
Trade-0ff Studies.

Third: The computer program described in the section "EVALUATION OF ECONOMIC
FACTORS" should be developed. This program would permit consistent cost
estimates to be prepared quickly for use in these and other ship design studies.

Fourth: A complete Material Data Bank should be established for all
materials of potential interest in hull structural applications. Information in
the sample Material Data Bank of this report would be extended in areas such
as abrasion resistance of aluminum, creep, etc.
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INTRODUCTION

Computer program "GENEC" is a generalized mathematical model for evaluating
the economic viability of a cargo ship or tanker. It is written in timesharing \
BASIC for the NNS Honeywell 6080 computer. Figure Al is a listing of the
program, and Figure A2 is an index of the symbols used. l
|
|

The measure of Merit (MM) developed by this math model can be either
Reguired Freight Rate (RFR} or Net Present Value (NPV). TRFR is used for Material
Trade-Off Studies. In either case the resulting MM should be compared only
with competing Measures of Merit calculated by this or a similar program because
the absolute value of any MM is highly dependent on various economic assumptions
implicit in the math model used. The relative position of competing systems
will remain the same when they are analyzed by any math model using consistent
economic assumptions, but comparisons between competing systems which have
been analyzed by different models may cause an apparent change in this ranking.
RFR can vary as much as 40 or 50% if different (but equally reasonable and valid) ,
assumptions are used for such things as frequency and timing of cost payments !
or income receipts, escalation, taxes, etc, ‘

PROGERAM THEOQORY . ‘

This math model is based on a Discounted Cash Flow (DCF) analysis of all
the costs and income involved in acquiring, owning and operating a ship over
its total life or over any selected portion of its life. Income and costs
are collected by months, with all transactions in a given month assumed to
occur at the end of that month. Transactions which occur on known dates (such
as construction payments or insurance premiums) are included with other costs
for the month in which they occur; transactions which occur at unpredictable
times (such as fuel costs, port charges, income, repair costs, etc.) are
distributed uniformly over the months of the year in which they occur.

Costs are identified as "capitalized" or "operating”. This distinction
has ng effect when the economic study covers the entire life of the ship; it is
needed only when the study is limited to a part of that life. Operating costs
which occur during the period being studied are included in the analysis;
operating costs which do not occur during that period are ignored. Capitalized
expenditures, regardless of when they occur, are amortized over the full life
of the ship, producing a uniform monthly cost. When this uniform cost is
applied to periods shorter than the ship life, it will not completely amortize
the capital expenditures. The assumption is that the remaining amortization
is accomplished during the remaining months of useful ship life.

No provision is made for the effects of taxes, or of such tax-related
stratagems as leveraged leasing, because these effects depend on owner-related
circumstances which are not governed by ship design. Each prospective owner
muast, therefore, evaluate his own tax situation.

Every dellar value used in this math model can be escalated, with a different
annual rate for each, These rates remain constant for the life of the ship.
Date of contract is the base date for calculating escalation, using the formula:
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B =FHP (Z(1r 40>

HEXT I

DS=0S+D

NEXT J

FOR J=2 (191242412342 TO 211D +Z2 (1323 42C15 33 +4
D =g

IF Z¢Js3r=>0 THEN 20190

CICN=VI+2( 1> 12

=0 TO 2050

IF 242250 THEM 2040

o o IV ST BN NN TUR Y Y
AATANIR SR AG I DL S YD

D C3CD=ZCJe12+Z2( D

30 TO 2050

C3CH=Z 1202203y Z2CIrd4d)
FORrR 1=5 TO 7 STEP 2

IF 2<J=12=>0 THEN 2090
C3CH=CIN 2 [+1D

&0 70 2130

IF Z<¢i= 120 THEN 2120
CICH=CIIreZ2(JyI+1)

50 TO 2130
C3CH=CICN 2RI D> Z(Jr I+1D)
MEXT 1

(CONT.) - COMPUTER PROGRAM "GENEC"
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o=V

2140
2150
2160
elvo
2130
2130
z200
2210
222
e230
c240
2250
2260
2270
2230
2290
2300
2310
2320
2330
2340
2350
23610
o370
2330
23920
2400
2410
2420
2430
2440
24350
2950
2470
2420
2420
2900
2511
2520
235320
2540
&350:
2380
2370
2330
2330
2500
25610
2s2a
25630
2640
2650
2560
25670
2530
820
700

OM Z¢dy® B0 TO 2150.2210,2210.2260

K=2 by LD #1

IF k<Kl THEM 2340

IF K>¥g THEN 2340

C=CALLy oFNE(Z () 20D

DCH=FHP (Z(154))

60 TD 2330

FOR M=K1+(2C(Jr 2242 (I 1M ~1 TD K2+4(2Z{(JrP-2>-1 STEP Z(J» 10>
C=C3C2+FHE(2{Js2))

D(=FNP(Z2(1s4>)>

HEXT K

=0 TO 2330

FDR I=1 TO 2C(Js1 0>

K=2 (1,52 +MP1 () s 1D +1

IF K<K1 THEN 2320

IF K>EZ2 THEN 2320

CeC3 i #FNE(ZKJs 202 oF (P1L(D »y 4100

DCH=FMP(Z(1r4>>

MNEXT I

D1=D1+D (D>

HEXT J

f1=0

Ti=1+Z 14> 71 00

AI=1Z4TIN 201D+ 21D e (LTI L1205 =1 A LTI 21282~ 1D
AZ=12¢T1 (21« +120 0241 1T =10 +10 /120 ¢ L (1T (17122~ 1)
AZ=A2- (LTI CZCL5162=Z2(1 e 15X ¥ =1

IF E2=0 THEM 2420

R1=(D1+DS*R1-A2-E1) 7E2

PEM++++ -ttt rtrrrrtrtrtbrttttr QUTPUT ++dddtttt+r+b 44404444444
PRINT

PRINT “0OUTPUT “5

INPUT T1

PRIMNT

ON Ti B0 TO 70,440 258023203430, 3460

FEM++ v+ttt dtittt+e+ 344+ TUBROUTINE FOR HERDIHNGS +4tsvrittbs
PRINT Nis

PRINT * DATA FILE: "3F$

PRINT * "sF1S8

IF Mi=0 THEMN 2540

PRINT " FILE MOBIFIED AT “:7%3" ON “"iD%

FRIMT USING 2550212 15> 72(1516)

EXFENSES FOR YERRS =% THRU &#& AFTER DELIVERY USED IN THIS ANALYSIS
FRINT

RETURN

FEM++ 4444434+ 4444444440+ 4444+ YOYAGE DATH 444444555504 25 4444444
SOSUB 2490

FOR J=2 TO Z(1s12+1

PPIMNT HE(D

PRINT “DAYS IN PORT=":D2(.D

PRINT * FUEL COMSLMED="3F2<{J>}"TOMS™

PRINT “NEXT LEG OF YOYAGE="32{Js2>5 "MILES AT 52 (Js3> 5 "KNOTS"
PRINT * DAYS AT SEAR="ID3(D

PRINT - FUEL CONSUMED="3FS5(#"TOMNS"

PRINT "CRAPSO-0OFFLOALDED="3iwWa (. H 5 “TONS™

PRINT " —-LOADED =W (> 7 " TONS®

FRINT "FUEL-LOADED="IF3I (25 "TONS™

PRIHT "NFPASTIIDF MWETAMTS"

27108
27203
2730z
27402
2750:
27608
errot
27308
2730
2300
2310
2820
2330
2340
2350
2859
2379
2380
2330
2300
29190
29249
2330
2940:
29502
2960z
2370
2930
29902
3000z
3010:
3020:
3030
3040
30510
3060
3070
3030
3030
3100
3110
3120
3130
3140
3150
3160
3170
IR0
3130
3200
3210
3ze0
3220
3240
3250

CREW & STORES=scscazzss TONS
FRESH WATER =asssz=asss TONS
BALLAST =nascssss TONS
ZERVICE FUEL =szzsssss TONS
FESERYE FUEL ==azsszzas TONS
LARGH = sax2 TOMS
TOTAL = a2 TOMS

MAXIMUM DEADWEIGHT=¢zzomess TONS

PRINT UZIMNG 271085Z¢1+11)

PRINT USINE 2720sZ2<¢1» 1)

PRINT USING 2730sW4 <))

PRINT USING 2740:F4 <))

PRINT USING 2750,2<1213>

PRINT USING 2760>W3 D

PRINT UIING 27705 ZC1y ) ~WHF4 () +43 (13 +W4 (D)
PRINT USING &780,2C1»9)

PRINT

NEXT J

FRINT “TDTAL DPAYS, ROUND TRIP="3D4

PRINT “AVERAGE MUMBER OF TRIPS PER YERR="iV¥1
50 TQ 2420

RPEM+++++ttttbttt+t+rttt+44+ PRESENT VALUES +44+4444 4545 544444
GOSUB 24320

PORT TONS DELIV. $-TON ESCAL. PRES.VAL.
PER YERR % (% 33:1:11}]
“LLLLLLLLLLLELL snanunes noe, o EE ] susunane
TOTAL neusssaans EETTE T2 22
ITEM AYE.ANN.  ESCAL. % 0F PRES. VAL,
<3100 €3 TATAL

FUEL AT ‘LLLLLLLELULELL

“LLLLLLLLLELLL L ELELL
TOTAL s

PRINT "<<<<< INCOME >>>>>"

PRINT USING 2940

FRINT USING 2950

Ti=0

T2=0

FOR J=2 TO 21312+t

IF 2¢Js11>=>0 THEN 3110

R¢Jr=R1

PRINT USING 2960sN3 () »W2 () o¥1sR(Ir 32 (05 127 ECD #R D /1000

TI=T1+W240 #¥1

T2=T2+E () RED

HEXT J

FRINT USING 2970: T1,T2-1000

PRINT

PRINT " <<<<< EXPENSES >>>>>"

PRINT USING 2930

PRINT USING 2990

T1=0

FOR J=2 TO Z{1r 10+t

TI=100eRA24D €)1+ (AZeD +R1#DT)

PRINT USING 3000:18 (> sRE#D I3 71000y Z<ts 2> 2 T4,D (I ~1000: T44R1 <100

TizF1+R2eD (D

NEXT 2 '

FIGURE A-1 (CONT.) - COMPUTER PROGRAM "GENEC™




3260 FOR J=Z2<1,1>+2 TO 2C(is1)+Z2(1,2>+1

270 T4=100%A1eD0 ) 7 CRZeDL +A1 D5

280G T3=A1el () 2 CAZ*1 000>

3290 PRINT UZING 2010 N8 D sALeDCI? ~1000sZ(J22> s T4 TIrT4oR1/100

3300 T1=T1+A1eD(H

T310 NEXT J

3320 FOR J=Z2<¢1s13+Z20» 29428 T ZC1s 13 +Z (1927 4Z<123)> 4L

2230 T4=100eRZeD( D <A2eD] +A1eD5)

2340 PRINT UIING 3C010,M3 ()2 sRECD( I 71000 2CIr23 9 T4y D /10005 T4+R1.-100
3350 Ti=TieA2eD( L

3260 MEXT J

3370 PRINT USIMG 3020:T1-1000s (D1+RLI DSR2 71000sR1

330 PRINT

3230 IF E2<>0 THEM 3430

3400:NET PREZENT YALUE=muostxzd0) §$

2410 PRINT USING 3400s (T2=D1-A1+DS-A2>-1000

2420 50 TO 2420

B30 REMFH++ 44023 rrr v bbbyt e ittt BFER 4444 t++4 bbb bbbt bbbt bbb
3440 PRINT "CARLCULATED RFR=";P1; "$-TON AT DATE DF CHOMTRACT-

2450 G0 TO 2420

2450 REM+++4++++++++++ 34+ 44434344+ COSTS BY MONTHS ++++4rtb it tttibts
3470 PRINT "WHAT ACCOUNTS “3

2430 INPUT T1sT2+ T3 T4+ TS

2490 PRINT “WHARY MOMTHS *3

3500 INPUT T6»T7

2510 PRINT
3320 GOSUB
35320 PRINT
3540 PRINT
2SS0 MONTH
SOEN: nnse
IT70 IF TE>0 THEM 3530

3588 Te=0

3520 IF T7LZ (1,5 +1242¢1:6> THEN 3610
3500 T7=Z1sSr+12+2<U 16>

2610 FOR K=TH+i TO T7+1

3520 =T}

2630 I=t

3540 GASUBR 3240

2650 J=T2

3650 I=2

3670 GOSUB 3340

3580 J=T13

2530 I=3

3700 GDTUB 289440

A0 4=T4

3720 T=4

2490

"L COITS BY MONTHS >335~

USTNG 2TT0sME T »HE(T2) s HE T3 o NE T p NS (T
“FRRERRFRARE -RFFRRERPRRER ~PRRERRFPRRER “RPRRRRPRRRP

snssoaanaess anEs sasesss saas

“RRRRRRRRRRR

3740 J=T5

3730 15

3760 GOSUB 3340

3FF0 PRINT USING 3SA0sK—13Ca(1x s L@ vCA (I s CAC(H) 2 TS

3730 IF F<OK1-1 THEN 3300

3730 PRINT "++4+4FIRST MONTH OF OPERRTING EXPENSES INCLUDED IN ANALYSIS™
22006 IF KOK2 THEN 3320

3310 PRINT “+++++LAST MONTH OF OPERATING EMPEMNSES INCLUDED IN AMALYSIS™
X320 NEXT K

3330 GO TO 2420

3349
3350
3250
3370
3380
3320
3200
3710
3920
3¥30
I740
2350
3950
3970
3330
3330
4000
414
40240
4430
4045
4950
40510
4070
4030
4030
4100
4110
4120

PEM+++44+rdbtttdsttbrbrete+++ SUBROUTINE FOR HOMTHLY COSTS ++4+44
Caclx=9
IF 1221y 1>+1 THEM 3900

IF k<Z2{1s5>+2 THEN 3930
CA4CIv=Cl (oY 1sFNE (Z(Js EX D /12
FETURH

IF K>T6+1 THEM 3950

K3 =1

K4 (I>=1

IF J<Zs10+Z¢153)42 THEN 3950
K3CIr=201351+1

ON Z¢v3d 6O TO 3360, 399053990, 4050

IF K<3Z¢Jstm+1 THEN 3980
C4C(Ir=CAJ7 FNE (Z (1522

FETURN

IF KK +2¢1 9 =2 THEN 4040

IF BZr10+201,27+1 THEM 4020

IF K3Z<1+5Y+1 THEN 4040

C4¢Ts 300N $FNE (7 €123
KE3rD)sKICDI+Z2¢ ) LD

RETLIRN

IF K4<I232¢Js10) THEN 4160

IF K<M(PL< K4 CI2D+K3 (1> THEN 4100
IF KSM<P1 Lo sK4CI22+K3CI> THEM 4110
C4C1Y=C3 <L #FNE (2 (Jo23 3 #P (F1 <3 s K4 13> /100
K4 (I =K (D> +1

RETURY

K41 SKACT) +1

50 FO 4050

A-1 (CONT.) - COMPUTER PROGRAM "GENEC"




F§
F1$
N {3
N1§

F1{J)
F2{J)
F3(J)
F4(J})
¥5(J)

E ﬁ o

X3(I}
K4 (1)
KT, 1)

P, I}

Fl{3}
R{J)

T1/T7
vl

W

w1{J}
W2 {3)
LEIAN
w4 ()
Z(T:T)

Date of program execution

Name of data file

Identification of data file

Name of account (J)

Name of ship

Time of program execution

Average annual cost coefficient {capitalized costs)
Average annual cost coefficient (operating costs)
Escalated Cost

Cost of fuel per wvoyage, not escalated, port (J)
Escalated value of tons of cargo off-loaded

Basic monthly cost accouwnt (J)

Monthly cost output column (1)

Discounted value of cost account (7}

Total discounted value of all operating cost accounts
Days ‘in port (J)

Days at sea after port (J)

Days per round trip

Total discounted value of all capitalized cost accounts
Discounted value of tons of cargo off-loaded at port (J}
Torzl diccsunted dollar walue of cargo off-loaded at
ports with specified freight rates

Total discounted value of tons of cargo off-loaded
at ports with unspecified freight rate

Total tons of fuel used for round trip

Tons of fuel on board, arriving port (J)
Tons of fuel burned, in port (J)

Tong of fuel loaded, port (J)

Tons of fuel on board, leaving port (J)
Tons of fuel burned, at sea aftar port (J)
Account

Month (date of contract = 1)

First month for cost calculation

Last month for cost calculation

Index for monthly cost subroutine column {I}
Index for monthly cost subroutine column (I)

Month cost is incurred, account (J)}, Tahle "A"
line (I}

Index for modifications to data file

Percentage of total cost, account (J), Table "A"
line (I}

Index for irregular payment schedule account (J)
Freight rate (not escalated), port (N

Regquired Freight Rate (RFR), not escalated
Temporary variables

Round trips per year

Weight of fuel + cargo + ballast

Tons of cargo loaded, port (J)

Tohs of carge off-loaded, port (J}

Tons of cargo on bhoard, leaving port (J)

Tons of ballast on board, leaving port (J}

Input data, account (J), input data sheet line (I}

FIGURE A-2 - COMPUTER PROGRAM "GENEC"
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E=B(1+--—1—>E“

100
where;
E = Escalated value
B = Base value
i = Annual rate (%)

m = Months from date of contract

Required Freight Rate (RFR) is defined as "that freight rate which will
make the present value of all income equal to the present value of all expenses."
It can be calculated for all the cargo delivered in a round voyage, or it will
be calculated for some of that cargo (delivered at one or more ports of a multi-leg
voyage) when freight rates are specified for the remaining cargo, using the
formula:

PC - P
RFR = 5 =
d
where;
RFR = Regquired Freight Rate ($/ton)
Pc = Present value of costs ($)
Pi = DPresent value of specified income (%)
P = Present value of cargo delivered (tons)

Net Present Value (NPV) is defihed as "the difference between the present
value of all income and the present value of all expenses."” It is calculated
when freight rates are specified for all the cargo delivered in a round voyage.

Date of contract is the base date for calculating present value, using the

formula:

P = E

.
(1 + Iaa-) 1z

e o e b



where;

P = Present value

F = Future value

i = Annual discount rate (%)

m = Months from date of contract

n
Both "escalat

on" and "present value" normally refer to the dollar value of
a transaction. When the RFR is to be calculated, however, it is convenient to
apply these formulas to the tons of cargo off-loaded. The resulting numbers

can then be multiplied by RFR (when it has been determined) to get the

corresponding values for income.

Average annual cost for a capitalized expense is defined as "the uniform
annual cost, payable in equal monthly installments over the operating life of
the ship, which would have the same present value as all expenses of the
capitalized cost account.” It is calculated by the formula:

(m + 1 )
a s 12 1 R
12 ( 1 + ifﬁ;) {_ 1) - lf]
A = P L\ 1" 105) J )
1 )
-1
( {Y)
1+ _E;.\
_ LA 00 / J J
where;
A = Average annual costs ($)
P = Present value of account ($)
i = Discount rate (%)
m = Months from contract to delivery
Y = Years of ship 1life

Average annual cost for an operating expense is defined as "the uniform
annual cost, payable in equal monthly installments over a specified period
of the life of the ship, which would have the same present value as all
expenses incurred during that period by the operating cost account." It is
calculated by the formula:




B

(.m *+ 1 + Y1 - 1) A

i 12

100

L -1
i (¥2 - ¥1 + 1)
_ (l + -——-)

100

12 1+

where;
A = Average annual cost (§)
P = Present value of account (§)

i = piscount rate (%)
m = Months from contract to delivery
Y1l = First year (after delivery) of period

being studied

¥2 = Last year {(after delivery) of period being
studied

PROGRAM DESCRIPTION :

The math model used for program "GENEC" is very flexible. It will accept
a round voyage touching at any number of ports, with fueling and cargo loading
or off-loading at any of them. The amount of fuel to be loaded can be specified,
or the program will calculate the amount needed for the total voyage or for
the trip to the next port (plus the fuel needed in that port). The amount of
cargo to be handled can be specified, or the program will calculate the maximum
that can be lcaded or off-loaded., The freight rate for cargo coff-loaded at
each port can be specified, or the preogram will calculate RFR.

The prodram will accept any number of cost accounts. Currently, the sum
of the number of ports and the number of cost accounts is limited to 49 by
the dimension statements of the program. Each cost account can be "tailored"
to any desired conditions by appropriate choices of input data. The amount of
the cost is the product of four factors which may be individually specified or

A m b ~F rmrid RS r
may be referenced to other accounts and line numbers. The date of payment may

be specified as "per voyage," or "regularly" at the start (or end) of specified
periods before or after dlivery, or "irregularly”" at any number of specified
dates. Currently, the number of irregular payment schedules is limited to
five, and the number of dates per schedule is limited to 100 by the dimension
statements of the program.

The number of round trips per year is determined by adding the number of

days in port and the number of days at sea for each leg of the voyage to get
the total days per trip. This number divided into the average number of

A-10 .



operating days per year gives the average number of trips per year. These
trips, together with the associated income and costs, are assumed to be
distributed uniformly among the twelwve months of the year.

Fuel consumed per trip is determined by adding the fuel used in port and
the fuel used at sea for each leg of the voyage. The program checks to be sure
that there always is enough service fuel on board to reach the next port, and
that the amount of fuel on beoard (including Reserve F.0.) never exceeds the
capacity of the F.0. tanks.

The maximum amount of cargo that can be transported on any leg of the
vovade is equal to the total deadweight minus the weight of crew and stores,
fresh water, service fuel oil when leaving port, and reserve fuel oil. The
program checks to be sure that this amount is not exceeded. It will add
ballast as necessary to permit safe operation in light condition.

INPUT

Program "GENEC" requires a separate data file. Figure A3 shows the four
input data sheets used for this file, and Figure A4 is a listing of a sample
file. Any number of such data files may be prepared and saved. They are used
one at a time and are identified as needed during program execution (see the
section on OPERATION, below).

Each data file has line numbers separated by one blank space from the
succeeding data items (these line numbers are not used by the program). Data
items are separated by commas, with a comma at the end of each line. Alphanumeric
data (items numbered with Roman numerals on thé input data sheets) are enclosed
in quotation marks. Item numbers on the input data sheets are not used in the
data file, but are used when modifying data during program execution (see the
section on QPERATION, below).

OUTPUT

Program "GENEC" can produce any or all of the four sets of output shown
in Figures A5, A6, A7, and A8 (identified as Type 3, Type 4, Type 5 and Type 6),
as selected during program execution (see the section on OPERATION, below).

Figure A5 shows the output identified as Type 3. It contains four blocks
of data. The first block identifies the data file used. The next two blocks
give information on each port visited and on the sea trip to the next port.
(Xf the data file had held information on more than two ports then there would
have been more than two such blocks of output, There must be at least two
ports.] The final block gives the total time per round trip and the number of
trips per year.

Figures A6 and A7 show the output identified as Type 4. This output also
contains four blocks of data. The first block identifies the data file used.
The second block, "INCOME," shows the amount of cargo off-loaded at each port,
its freight rate, escalation, and present value, It also gives the total present
value of all income. The third block, "EXPENSES," gives the average annual
cost, escalation, and present value of each expense account. It also gives
the total present value of all expenses, the percentage share of that total

A-11



I'TEM DESCRIPTION UNITS QUANTITY
I | FiLE IDENT. Flv[clel |s|afv|e|o o|N /Ll
1 | sHIP IDENT.
1 | NUMBER OF “PORT" ACCOUNTS INTEGER
2 | NUMBER OF CAPITALIZED “COST" ACCOUNTS INTEGER
3 | NUMBER OF OPERATING “COST" ACCOUNTS INTEGER
4 | DISCOUNT RATE %/YEAR
5 _| MONTHS FROM CONTRACT TO DELIVERY MONTHS
6 | SHIP LIFE YEARS
7 | NUMBER OF MEN IN CREW INTEGER
8 | OPERATING DAYSPER YEAR DAYS
9 | MAXIMUM DEADWEIGHT (FULLY LOADED) TONS
10_| MINIMUM DEADWEIGHT (BALLASTED) TONS
11 | WEIGHT-CREW & STORES TONS
12 -FRESH WATER TONS
13 -RESERVE FUEL OIL TONS
14 | MAXIMUM CAPACITY OF FUEL OIL TANKS TONS
15 | FIRST YEAR {AFTER DELIVERY) OF PERIOD TO BE ANALYZED' INTEGER
16 | LAST YEAR (AFTER DELIVERY) OF PERIOD TO BE ANALYZED INTEGER

FIGURE. A-3 - PROGRAM "GENEC" INPUT DATA FORMS
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ITEM DESCRIPTION UNITS QUANTITY

I | NAME OF PORT [
1 | DAYSINPORT DAYS
2 | DISTANCE TO NEXT PORT N. MILES
3 | SPEED TO NEXTPORT KNOTS
4 | FUEL CONSUMPTION — IN PORT TONS/DAY
5 - AT SEA TONS/DAY
6 | FUEL - LOADED AT THIS PORT (NOTE 1)
7 ~ COST $/TON
8 — ESCALATION %/YEAR
9 | CARGO - LOADED AT THIS PORT (NOTE 2)
10 — OFFLOADED AT THIS PORT INOTE 2)
1 —FREIGHT RATE (NOTE 3)
12 — ESCALATION %/YEAR

NOTES

1. VALUES GIVEN FOR ITEM 6 MEAN:
{0} = NO FUEL LOADED.
{-1} = ALL REQUIRED FUEL LOADED.

2. VALUES GIVEN FOR ITEMS 9 & 10 MEAN:
{W) = AMOUNT OF CARGO TO BE LOADED/ OFFLOADED (TONS).
{-1) = MAXiMUM AMOUNT OF CARGO WHICH CAN BE LOADED/
IS TO BE CAL.CULATED BY THE PROGRAM.

3. VALUES GIVEN FOR ITEM 11 MEAN:

{F) = FREIGHT RATE FOR CARGO OFFLOADED ($/TON),
{-1)=RFR IS TO BE CALCULATED BY THE PROGRAM.

FIGURE A-3 (CONT.) - PROGRAM "GENEC" INPUT DATA FORMS

A-13




ITEM DESCRIPTION UNITS

| NAME OF COST

QUANTITY

(11T

1 AMOUNT (NOTE 1)
2 ESCALATION %/YEAR
3 | L MULTIPLYING FACTOR {NOTES 28 4)
o]}
5 | '} MULTIPLYING FACTOR {NOTES 32 4)
6 [ )
7 | "\, MULTIPLYING FACTOR NOTES 3& 4)
8 1]
9 ‘} TIME OF PAYMENT (NOTE 5)
0] )

NOTES

-

. ITEM 1 MAY BE GIVEN IN “DOLLARS” OR IN ANY OTHER UNITS, DEPENDING ON
THE MULTIPLYING FACTORS GIVEN IN ITEMS 3/4, 5/6, & 7/8.

2. VALUES GIVEN FOR ITEMS 3/4 MEAN:
{-1,0i = DISTRIBUTE iTEM 1 UNIFORMLY OVERT
{0,F} =MULTIPLY ITEM 1 BY (F}.
{4, 1) =MULTIPLY ITEM 1 BY THE VALUE OF ACCOUNT {J} ITEM (1).

3. VALUES GIVEN FOR ITEMS 5/6 & 7/8 MEAN:
{-1,F} = DIVIDE ITEM 1BY (F}.

MEI=MMINTIDIV ITEM 1 BV (E)
W, T UL LT I vl AT,

{J1) = MULTIPLY ITEM 1 BY THE VALUE OF ACCOUNT (J ITEM (1.

4, FACTORS 3/4,5/6 & 7/8 ARE APPLIED SEQUENTIALLY — THAT IS:
BASIC COST = (ITEM 1} = f(3/4) = f(5/6) = £{2/8).

5. VALUES G'VEN FOR ITEMS 9/10 MEAN: .

(1,M) = A SINGLE PAYMENT AT THE END OF (M) MONTHS AFTER CONTRACT.

(2, M} = MULTIPLE PAYMENTS AT THE BEGINNING OF EACH {M) MONTH PERIOD
FROM CONTRACT TO DELIVERY (FOR CAPITALIZED COSTS) OR FROM DELIVERY
TO END — OF — LIFE (FOR OPERATING COSTS).

{3.M) = MULTIPLE PAYMENTS AT THE END OF EACH (M} MONTH PERIOD FROM
CONTRACT TO DELIVERY (FOR CAPITALIZED COSTS} OR FROM DELIVERY
TO END - OF - LIFE (FOR OPERATING COSTS).

{4, N) = (N} PAYMENTS MADE IN ACCORDANCE WITH TABLE A.

FIGURE A-3 (CONT.) - PROGRAM "GENEC" INPUT DATA FORMS
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LINE | MONTH % LINE | MONTH % LINE | MONTH % LINE | MONTH
1 26 51 76
2 27 52 7
3 28 53 78
4 29 54 78
5 30 56 80
8 31 56 81
7 32 57 82
8 33 58 83
9 34 59 84
10 35 80 85
1 36 81 86
12 37 82 87
13 38 63 ' 88
14 39 B4 89
15 1] 85 90
16 a1 86 91
17 42 87 92
18 43 68 93
19 4 63 94
20 45 70 95
2 46 " 96
22 4 17) 97
23 438 13 98
2 49 74 99

25 50 75 100
NOTES

1. THIS TABLE FOLLOWS ITEM 10 OF THE CORRESPONDING COST ACCOUNT
ITISNOT TO BE USED UNLESS ITEM 9 OF THAT ACCOUNT (S 4.

2, ONLY (N) LINES OF TABLE A ARE TO BE USED. (N) IS THE VALUE GIVEN
IN ITEM 10 OF THE ASSOCIATED COST ACCOUNT. (N <= 100)

3, "MONTH" 1S THE MONTH AFTER CONTRACT FOR CAPITALIZED COSTS AND THE
MONTH AFTER DELIVERY FOR OPERATING COSTS.

4. “%" IS THE PERCENT OF THE BASIC COST {SEE NOTE 4 OF THE COST

ACCOUNT DATA SHEET) WHICH IS PAID AT THE END OF THE CORRESPONDING
MONTH.

FIGURE A-3 (CONT.} - PROGRAM "GENEC" INPUT DATA FORMS
A-15
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SLIST SAMPLE

1 "FILE SAVED AT 10.870 ON 05-30-78"»

10 "SAMPLE PROBLEM",

11 2222823175y

12 205345 34%5,537653, 30000

13 100,1124>1533+,25000+1~

14 S5»

20 "RAS TAHURA"y .

21 1.5,12200514.2,127.58,297. 04,

22 1572.51>7.3s~1s 0>

23 00

30 "ROTTERDRAM"»

31 1.5:12200:15.28+ 127,65 287. 04

32 0»0+0s0s~1y

33 -is0s

40 "RCQUIS.COST"»224905000s3»0+,.6020r1+0s154,48»
41 285.1s29».2+30+.3s315.59322.7»

42 335.92345153551.193621.2+3721.3»

42 3921.4+39+1.4+40r1.4+4121.524291.5»

44 4371.794451.8945+s1.9145+2+47+2.1»

435 4852.2s492.3>5052,4:5152.4s5292. 4>

46 53,2.5+54)2.9r95+3.1156+3.2+5723.3¢

47 58r3.4253+3.5s605 2. 7rH1r3.9s58»3. 8y

43 6353.75649 3,765+ 3.795653.5s5723. 4>

49 6Br3.296F52. 957022, 2971 1. 3s72s1.4+735. P+ 78s,4e 7Ty, 1»
50 “CONSTR.ADMIMN, "+60G40r 3y O0r Ly lslr0s1s3sty

60 “H&M INSUR."s1.125s0r4s1s—1s100s0r1s2s13s
70 "P&l INSUR."»1.25s0s1s350s1505122,13»

80 "MANNING » 49200+ 8s1s7r—12 1250519351

90 "SUBSISTENCE +4.67+3s1s7r1s8s—1r12s3s1s

100 “STORES-SUPPLIES »200700sSrUslry—1s12v0s0s3sls
110 "ADMIN/MISE, "y 4079003+ 0slr~15125 0519351
120 "PDORT CHARGES"»136000s8r—120s0s1s0s1r3eiy
130 "MAINT-/REFPAIR" »670000+8r 0rlir~1,12s0sks3sl»

FIGURE A-4 - SAMPLE DATA FILE LISTING

*RUN-10

DATA FILE 7SAMPLE

FILE SAVED AT 10.870 ON 05-3¢-78

NEM DRTA 13.327 05-30-73
7020590

DUTPUT 73

SAMPLE PROBLEM
DRATA FILE: SAMPLE
FILE SAYED AT 10.970 ON 05-30-78
EXPENSES FOR YEARS 1 THRU S AFTER DELIVERY USED IM THIS ANALYSIS

RAS TANURA
DAYS IN PORT= 1.5
FUEL CONSUMED= 191.52 TONS
NEXT LEG OF YOYRGE= 12200 MILES AT 14,2 KNDTS
DAYS AT SER= 35.79812
FUEL CONSUMED= 16275.49 TOHS
CARGUO-OFFLOADE D= 0 TONS
-LOARDED = 9645808.3 TONS
FUEL-LOADED= 20207.75 TONS
DEPARTURE WEIGHTS

CARGO 564698 TONS
TOTAL 587653 TONS
MAXIMUM DERDWEIGHT= 587653 TONS

CREW & STDRES= 109 TONS
FRESH WATER = ti124 TONS
BALLAST = o TONS
SERVICE FUEL = 20208 TONS
RESERYE FLUEL = 1333 TONS

ROTTERDAM
DAYS IN PDRY= 1.5
FUEL CONSUMED= 191.52 TONS

MNEXT LEG OF YOYRGE= 12200 MILES AT 15.89 KMOTS
DAYS AT SEAR= 33.26789
FUEL CONZUMED= 2549.215 TONS
CARGOD-DFFLORLED= 5646859.3 TOMNS
-LDADED = 0 TONS
FUEL-LDADED= 0 TOMS
DEPARTURE WEIGHTS
CREW & STORES= 100 TONS
FRESH WATER = 1124 TONS
BALLAST = 17502 TONS
SERVICE FUEL = 9741 TONS
RESERYE FUEL = 1533 TONS
CARGO = ¢ THNS
TOTAL = 30000 TONS
MAXIMUM DERDWE IGHT= S57653 TONS
TOTAL DAYS, RPOUND TRIP= 72.06601
RVERAGE MUMBER OF TRIPS FER YEFR= 4.787278

OUTPUT 7STOP

FIGURE A-5 - PROGRAM "GENEC" QUTPUT - TYPE 3
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sRUN~-10

DATA FILE ?SAMPLE

FILE SRYED AT 10.870 ON 05-30-78
05-30-78

NEW DATA
20+ 000

13.354

DUTPUT 74

SAMPLE FROBLEM
DATA FILE! SAMPLE

FILE SRVED AT 10.870 ON 05-30-78

EXPENSES FOR YERRS

IACOME >>>3>
PORT

L

RAS TANURA
ROTTERDAM
TOTAL

<< EXPENSES >>>>>
ITEM

FUEL AT RAS TAMURA
FUEL AT ROTTERDAM

aroiTe CNeT
FIL WL B o Reledns ¥

CONSTR.ADMIM.
HLM INSUR.
P&1 INSUR.
MANNING
SUBSISTENCE
SYDRES/SUPPLIES
ADMIN-MISC.
PORT CHARGES
MAINT-REPRIR
TOTAL

CALCULARTED RFRw=
OUTPUT 7STOP

FIGURE A-6 -

TONS DELIV.
PER YEAR

]

2703319
2703319

AYE. ANK.
$1000>
12936

a9

796
1271
1308

489846

$/TON

00
18.07

ESCAL.
G0
7.30
.00
§. 60
2.00
.00
.00
2.00
8.00

o _an
T WY

8.00
g.00
8.00

ESCAL.
kS
+ 00
00

% OF
TOTAL
26.48

00

w1 2a
Sl =

16
5.43
1.58
6.69

-22

an
Y

1.63
2.60
2.68

1 THRU 35 AFTER DELIVERY USED IMN THIS AMALYSIS

PRES. VAL.

310000

]

113375

115375
PRES.YAL. RFR
($1000> ®
30554 4.79
] . 00
SHese $.35
197 03
62610 .98
1817 .28
T7l4 1.21
233 . 04
2235 . 18
1891 .29
3002 47
3030 » 48
113375 18.07

PROGRAM "GENEC" OUTPUT - TYPE 4

sRUN-10

DATR FILE 7SRAMPLE
FILE SAYED AT 10.3870
NEW DATH
73211229
0.0

QUTPUT 74

SAMPLE PROBLEM

13.872

]

My o e
urr vasauws

DAT] FILE: SRAMPLE
FILE SAYED AT 10.370 ON 03-30-78

FILE MODIFIED AT 13.373 ON 05-30-73
1 THRU S AFTER DELIVERY USED IM THIS AMALYSIS

EXPENSES FOR YEARS

<4< INCOME 2333
PORT

RAS TANURA
ROTTERDAM
TOTAL

€<<{< EXPENSES »>>>>
ITEM

FUEL AT RAS TANURA

FUEL AT ROTTERDAM

ACRUIS.COST

CONSTR. ADMIN.

HAM INSUR.

PLI INSUR,

MANNING

SUBSISTENCE

STORES/SUPPLIES

ADMIMN-MIZC.

PORT CHARGES

MAINT-REPAIR
TOTAL

e
3

-]
b

DUTPUT ?3TOP

TOMS DELIY,
PER YERR
o
2703319
2703313

AYG. ANN.
$1000>

12936

0

asava

79

2650

769

3266

107

e

Jre

758
05-30-78

$-TON

.00
27.900

ESCAL.
. %)
7.30
-00
9.00
a.00
.00
- 00
3.00
8.00
8.00
8,00
8.08
8.990

ESCAL.
%

- 00
.00

% OF
TOTAL
26.43

- 00
3i.74
.16

5.43

1.59

6.69

.22

oy
Ex-1' B

1.63
2.60
2.68

PRES. ¥AL.
1000

159632
139632

PRES.VAL.
(31000
30554
o
39692
187
6260
1817
7714
253
323
1891
3002
3090
115375

FIGURE A-7 - PROGRAM "GENEC" QUTPUT -~ TYPE 4

RFR
& )
- 00
.00
.00
- 00
.00
.00

. GO
]
00
- 00
- 00
.00



g T-v

*RUN-190

DATA FILE 73AMPLE

FILE SRYED AT 10.970 OMN 05-30-723

NEW DATR 8.242 05-31-78
70:0:0

DUTPUT 75
CALCULATED RFR= 13, 06395 $-TON AT DATE OF CONTRACT
DUTPUT 75

WHAT RCCOUNTS 72:4+6,8,10
WHAT MONTHS ?73s38

SAMPLE PROBLEM
DATR FILE: SAMPLE
FILE SAVED AT 10.370 ON 03-30-73

EXPENSES FOR YERRI 1 THRU S AFTER DELIYERY USED IM THIS ANRLYSIS

<< COSTS BY MONTHS »>>>>
MONTH  RAS TRANURA RCQUIS.COST H&M IMSUR.

MANMING STORESSUPPL
0

73 0 2101275 n o
74 0 939909 0 o 1]
75 0 236433 2530191 ] 0
++4+FIRST MONTH OF DPERRTING EXPENSES INCLUDED IM ANALYSIS
7% 913317 0 1] 226959 27230
7 218695 |1} 0 228419 27403
7a 24105 g 0 2a34933 27582
72 929547 1] 0 231363 27759
a0 235021 i} 0 2323954 27938
81 940527 0 0 234354 29117
22 F46066 0 1} 235362 238298
23 951637 0 1] 237339 23430
84 9357241 [1} 0 239907 206604
a5 962378 0 1] 240444 28343
35 962343 | 9 241991 c¥024
a7 974252 4 253018t 243544 29221
a3 273389 ? 0 245115 22409

QUTPUT 7s7OP

FIGURE A~8 ~ PROGRAM "GENEC" QUTPUT - TYPE 5 & 6

wRUN-1 0

DATA FILE 73AMPLE

FILE SAYED AT 10.370 DN 05-30-78

NEW DRTR 3.202 05-31-78

70200

DUTPUT 75

CALCULATED RFR= 18. 06395 $-TON AT DATE OF COMTRACT
oUTRUT 72

FILE SAYED AT 10,370 ON 85-30-78

NEW DATH 3.209 05-31-78

Tiri6s20

70,050

UTPUT 735

CALCULATED RFR=  22.12586 $-TOM RT DRATE OF CONTRACT
DUTPUT 71

DATR FILE 7SAMPLE
FILE SAVED AT 10.370 ON 05-30-78

NEW DATA 3.219 05-31-78

70:0:0

BJTPUT 75

CALCULRTED RFR= 19,063895 3-TON AT DATE OF CONTRACT

DUTPLT ?STOP

FIGURE A-9 - PROGRAM "GENEC" QUTPUT -
ACCEPTING NEW DATA



which is attributable to each account and the amcunt of RFR which is attributable

“o each account. If RFR was calculated, it was established at a value which

would make the present value of income equal to the present value of expenses. .
In this case, the fourth block gives RFR, as shown in Figure A6, If a freight

rate was specified at every port where cargo was off-loaded, however, the present

value of income will not necessarily equal the present value of expenses. The

difference is Net Present Value. 1In this case, the fourth block gives NPV and RFR

is set equal to zero, as shown in Figure A7.

Figure A8 shows the output identified as Type 5 and Type 6. Type 5 output

is a single line which gives the calculated RFR at date of contract. Type 6
output contains three blocks of data. The first block identifies the account
numbers and months for which output is desired. The second block identifies
the data file used. The third block gives the actual cost for each specified
account for each specified month. These costs include escalation but have not
been "present valued.™ (In Figure A8 the account labeled "RAS TANURA" refers
to fuel purchased at that port.)

There also are a number of program-generated messages which may appear
with any of this output. These messages are described in the section on
OPERATION, below.

OPERATION

Figures A5 through A9 illustrate the operation of this program. When the
comand "RUN" is given, the computer will ask "DATA FILE?". The response is the
name of a previously saved data file. The computer then prints a line of file
identification (input data sheet page 1, item I}, and a line of run
identification: "NEW DATA {(time){date)." WNext it asks for input by printing
"?", The response is three numbers (X, ¥, Z) separated by commas. The first
of these numbers tells the computer what to do. This number has the following

meanings:
X = 0: Execute program with current data

X > 0: Substitute Z for the number currently
given on input data sheet X, item Y.

When X refers to a "cost” account and Y refers to item 9 of that account and Z

is "4", the change will involve Table "A" of Figure A3. In this case the computer
will ask "HOW MANY CHANGES?". The response is (W), the number of changes to

Table "A". The computer will then ask for input (W} times. Each time the
response is three numbers (A, B, C) separated by commas. These numbers have

the following meanings:

A = Line number of Table "A"
B = '"Month" for line (A}
C = '"Percentage" for line (A)

The computer will continue to ask for data changes until it is directed to
execute the program as described above (X = 0). It will then ask "OUTPUT?".

A-1a



The response 1s a number from 1 to 6 with the following meanings:

1 = No output. The computer will print
"DATA FILE?" and will accept the name
of a new data file as shown in Figure A9.

2 = ©No output. The computer will print
"NEW DATA (time) {date}"” and will accept
new data as shown in Figure AS9.

3 = Print "Voyage Data" as shown in Figure A5.

4 = Print "Present Value Data" as shown in
TiMirace AR anAd AT
i J.\ju;.ca LA ALl E ]

5 = Print "RFR" as shown in Figure AS8,

& = Print "Costs by Months" as shown in Figure AS.

If output option "6" is selected, the computer will ask "WHAT ACCOUNTS?".
The response is five numbers separated by commas. These are the numbers of
the cost accounts to be printed. (If this number refers to a "port" account,
the values printed will be the cost of fuel at that port. There is no cost
account #1.) The computer will then ask "WHAT MONTHS?". The response is two
numbers separated by a comma. These are the earliest and latest of the series
cf months (after contract) to be printed.

After the desired output has been printed, the computer will again ask
"CUTPUT?" so that program execution can continue with as many data files, data
changes and sets of output as needed. Any data changes which are input in
response to the question "NEW DATA?" remain in the program for the duration of
that run. Subsequent responses to this guestion may modify that data again,
or may modify other data, but the original data are not restored unless the entire
file is relpaded in response to the guestion "DATA FILE?".

When no further runs are desired, the response "STOP" wil terminate the
program.

There are eight computer—-generated information messages which may appear
during program execution. These are:

1 "

TT T MWMOD
L= AL

MODIFIED AT

This message appears as a fourth line in the bhlock ¢f output which
identifies the data file used (output options "3", "4", and "6é"). It appears
when changes have been made to that data file during program execution.

2. T"SHIP CAN ONLY LOAD (xxx} TONS OF FUEL AT (port)"
This message appears when the amount of fuel specified by the input
data file to be loaded at this port, plus the fuel already on board, is greater

than the capacity of the F.0. tanks. The program continues with the reduced
amount of fuel on board.

A-20



3. "SHIP MUST LOAD (xxx) TONS OF FUEL AT (port)"

This message appears when the amount of service fuel on board is less
than the amount needed to reach the next port and operate the ship during its
ctay in that port, and the input data file dcoes not call for fuel to be loaded.
The program continues with the increased amount of fuel on board.

4. "OUT OF FUEL AFTER (port)™

This message appears when the amount of service fuel on board {with
all F.0. tanks full) is not sufficient to reach the next port. This message
terminates execution of the run; the computer will ask "NEW DATA {(time) (date)?"
and will accept the data modification needed.

5. "NO COST DATA FQR FUEL AT (port)"

This message appears when fuel is loaded at a port but the input data
file does not include cost data for that fuel. This message terminates
execution of the run; the computer will ask "NEW DATA (time) (date?" and will
accept the data modification needed.

6. "SHIP CAN ONLY OFF LOAD (xxx} TONS OF CARGO AT (port)"

This message appears when the input data file specifies an amount of
cargo to be off-loaded which is greater than the amount of cargo on board. The
program continues with the reduced amount of cargo off loaded.

7. "SHIP CAN ONLY LOAD (xxx) TONS OF CARGO AT (port)"

This message appears when the input data file specifies an amount of
carxgo to be loaded which would make the total deadweight on board (crew and
stores, fresh water, service fuel, reserve fuel and cargo} greater than the
maximum allowable deadweight. The program continues with the reduced amount of
carge loaded.,

8. "TO0 MANY IRREGULAR PAYMENT SCHEDULES"

This message appears when the input data file has more than 5 accounts
with irregular payment schedules (input data sheet item 9 = 4, which requires
the use of Table "A"}. Currently the program dimension statements provide
storage for no more than five sets of Table "A" variables. This message
terminates execution of the run; the computer will ask "DATA FILE?" and will
accept the name of a new data file as described above.
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EVALUATION OF NON-ECONOMIC FACTORS

Figures Bl through B5 can be used to calculate ratings for the five
non-economic factors currently identified in the Material Trade-0Off Study. These
factors and their attributes are discussed below. Other factors and attributes
can be used by any shipowner to suit his specific needs.

Many of these factors and attributes may affect costs. 1In every case, the
“identifiable dollar cost associated with such an attribute must be included in
the economic evaluation of Appendix A. The non-economic evaluation is limited
to a subjective consideration of cost trends where the dollar amount cannot be
determined, and to a consideration of attributes which are not directly
associated with costs.

I. SUITAEBILITY FOR INTENDED USE

A. Susceptibility to Damage

This attribute is subdivided into four types of damage:
© Mechanical
o Chemical
o Thermal
o Corrosion

1. Mechanical damage includes the susceptibility to tearing, buckling,
denting or abrasion from such things as grounding, collision, internal or
external explosions, missiles, cargo and cargo handling apparatus, tugboats,
piers, etc.

2. Chemical damage includes the susceptibility to adverse chemical
reaction with solids, liquids or vapors. The source of these reagents may be
on the ship (such things as cleaning solutions or preservatives) or off the
ship (such things as fumes from chemical plants near the pier, or industrial
wastes). This category does not include the effect of chemical cargoes (that
is in Attribute D).

3. Thermal damage includes the susceptibility to material degradation
from temperature extremes or from the effects of expansion and contraction.
This category includes the effect of cold weather on material properties, but
not the mechanical effect of ice on the structure (that is in Part 1, Mechanical
Damage). It includes the effects of fires off the ship and of long-lasting
fires on the ship (neither of these is included in the current rules for
structural fire protection).

4. Corrosion damage includes the susceptibility to structural
degradation from wastage under normal operating conditions, and to the adverse
effects of corrosion products. Wastage includes the normal overall corrosion

P = Y S eapany gt | - L T e L T T I, R = mea T = A Ll
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BY DATE

e‘ﬁ PESSIMISTIC | MOST, PROB. QPTIMISTIC

ATTRIBUTE & e —

WTD.
VvALUE| VAL. |[VALUE| VAL. JVALUE| vAaL.

SUSCEPTABILITY TO DAMAGE - MECHANICAL

— CHEMICAL

— THERMAL

—CORRAOSION

NI Wi

POTENTIAL EFFECTS OF DAMAGE

AVAILABILITY OF REPAIR FACILITIES

COMPATIBILITY WITH INTENDED CARGO

COMPATIBILITY WITH INTENDED OPERATING LOCATION

HYDRODYNAMIG CHARACTERISTICS

APPEARANCE

TOTAL

FACTOR RATINGS

RATINGS FOR THIS FACTOR = = WEIGHTED VALUES
10+ S WEIGHTS

FIGURE B-1 - MATERIAL TRADE-OFF $TUDY - EVALUATION OF NON-ECONOMIC FACTORS
SUITABILITY FOR INTENDED USE
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BY DATE
& | PESSIMISTIC | MOST. PROB. | OPTIMISTIC
ATTRIBUTE & wTD. WTD. WTD.
< VALUE| VAL, fvaLUE| VAL, VAL.

EFFECT ON LAND — DURING PRODUCTION OF RAW MATERIALS

— DURING CONSTRUCTION/REPAIR/SCRAPPING

— DURING OPERATIONS

EFFECT ON WATER — DURING PRODUCTION OF RAW MATERIALS

— DURING CONSTRUCTION/REPAIR/SCRAPPING

—DURING OPERATIONS

EFFECT ON AIR — DURING PRODUCTION OF RAW MATERIALS

— DURING CONSTRUCTION/REPAIR/SCRAPPING

— DURING OPERATIONS

— DURING CONSTRUCTION/REPAIR/SCRAPPING

— DURING OPERATIONS

EFFECT ON PEOPLE — DURING PRODUCTION OF RAW MATER!ALS

— DURING CONSTRUCTION/REPAIR/SCRAPPING

— DURING OPERATIONS

TOTAL

FACTOR RATINGS

RATING FOR THIS FACTOR = Z WEIGHTED VALUES

10 »Z WEIGHTS

FIGURE. B-2 - MATERIAL TRADE-OFF STUDY - EVALUATION OF NON-ECONOMIC FACTORS

ENVIRONMENTAL IMPACT
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BY DATE
£ | PEssimisTic | mosT. PrOB. | oFTIMISTIC
ATTRIBUTE &
& WTD. WTD. WTD.
VALUE| VAL, JVALUE| VAL, |[VALUE] vAL.
MATERIALS
ENERGY
MARPOWER — SKILLED
— UNSKILLED

PRODUCTION FACILITIES

TAANSPORTATION FACILITIES

BALANCE OF TRADE (IMPORT/EXPORT}

TOTAL

FACTOR RATINGS

RATING FOR THIS FACTOR =

2 WEIGHTED VALUES

10« 3 WEIGHTS

FIGURE B-3 - MATERIAL TRADE-OFF STUDY - EVALUATION OF NON-ECONOMIC FACTORS

USE OF NATIONAL RESOURCES
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BY DATE
K| PESSIMISTIC | MOST. PROB. | OPTIMISTIC
ATTR &
IBUTE & WTD. wTD. WTD.
@ vALLE| VAL JvaLue| val. |vaiLue| VAL,

DEVELOPMENT OF RULES/REGULATIONS

DEVELOPMENT OF INTERNATIONAL AGREEMENTS

SUBSIDY — CONSTRUCTION

—~ OPERATING

LOAN GUARANTEES

INSURANCE ()F NOT AVAILABLE COMMERCIALLY)

TOTAL

FACTOR RATINGS

RATING FOR THIS FACTOR = < WEIGHTED VALUES

10 « 3WEIGHTS

FIGURE B-4 - MATERIAL TRADE-OFF STUDY - EVALUATION OF NON-ECONPMIC FACTORS

GOVERNMENT INVOLVEMENT




BY DATE
: A} PESSIMISTIC | MOST. PROB. | OPTIMISTIC
ATTRIBUTE g
@ WTD. WTD. ]
@ vaLue| vai. fvaLue| vac: |vacve| YAD:

TECHNICAL — UNFORESEEN PROBLEMS IN DESIGN

— UNFORESEEN PROBLEMS IN CONSTRUCTION

— UNFORESEEN PROBLEMS IN MAINTENANCE/REPAIR

— UNFORESEEN PROBLEMS IN OPERATION

FINANCIAL — CHANGES IN CONSTRUCTION COST ESTIMATES

— CHANGES IN MAINTENANCE/REPAIR COST ESTIMATES

— CHANGES IN OPERATING COST ESTIMATES

— CHANGES IN FINANCING/INSURANCE COST ESTIMATES

REGULATORY — UNFORESEEN CHANGES iN REQUIREMENTS

—~ LIMITATIONS ON HARBOR ENTRY

AVAILABILITY OF CREW

SUITABILITY FOR ALTERNATE CARGOES i}

SUITABILITY FOR ALTERNATE OPERATING LOCATIONS

TOTAL

FACTOR RATINGS

RATING FOR THIS FACTOR = 2 WEIGHTED VALUES
10+ 3 WEIGHTS

FIGURE B-5 - MATERIAL TRADE-OFF STUDY - EVALUATION OF NON-ECONOMIC FACTORS
RISK
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citting or localized corrosion caused by galvanic action set up by stray
electric currents or by contact between dissimilar metals. Digsimilar materials
may be part of the ship or may be such things as steel piers, metal hawsers,
etc. Corrosion products may be unsightly, may be toxic, may tend to spread

may rub off on nearby materials, etc. This category
i an {(that

ieg in Attrikhnta DY
1 (tnhat 1s LLrio D)

S,
nclude the effect of cargo- in A ut .

B. Potential Effects of Damage

. This attribute measures the potential danger associated with the damages
of Attribute A. Except for a few cases of brittle faijure, steel ships usually
resist damage quite well. Deterioration is gradual and predictable, allowing
ample time for repair. This may not be true for other materials. The initial
damage may be so widespread, or so concealed, or may spread so rapidly, as to
cause extensive secondary damages to the cargo or to the ship itself.

C. Availability of Repair Facilities

This attribute measures the ease and rapidity with which the damages of
Attribute A can be fixed. Even minor damage can be crippling if the ship must
travel half-way around the world to get to a repair vard.

D. Compatibility with Intended Cargo

for use with the intended cargo. It includes such things as contamination of
the cargo by the material, or chemical attack on the material by the cargo, or
cargo-induced corrosion of the structure. It does not include mechanical damage
by the cargo or carge handling equipment (that is in Attribute A).

E. Compatibility with Intended Operating Location

This attribute measures the suitability of a selected structural material
for use on the intended service route. Different service routes expose the
ship to different conditions and hazards. A material (wood for example} may
be very useful for some locations (such as arctic service) and be unsuited for
other locations (such as tropical service where wood-borers are prevalent).

F. Hydrodynamic Characteristics

This attribute measures the effect of a selected structural material on
the hydrodynamic performance of the proposed ship. Items to be considered are
the ability of the material to be shaped to the desired molded form, its ability

~ ~ 1 1

to maintain that shape in service
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its susceptibility to fouling,

G. Appearance

This attribute measures the ability of a selected material to attain and
retain an appearance which is suitable for the type of ship. Obviously a yacht
or passenger ship has very different appearance requirements from a work boat
or barge.




IT. ENVIRONMENTAL IMPACT

Each of the five attributes affecting Environmental Impact is subdivided
into three eras because the problems are different in each era. The subdivisions
are:

o production of raw materials
o construction/repair/scrapping
o operations

A. Effect on Land

This attribute measures the effect of a selected material on the land.
It includes consideration of such things as land clearing, strip mining,
construction of roads and facilities, erosion, eto.

B. Effect on Water

This attribute measures the effect of a selected material on water
guality. It includes such things as the contribution toward flooding or toward
a lack of water, obstruction of streams or waterways, dredging, waste pollution
of water, etc.

C. Effect on Air

This attribute measures the effect of a selected material on air quality.
It includes such things as smoke, dust and smog pollution of the atmosphere,
creation of toxic or noxious gases, etc.

D. Effect on Wildlife

This attribute measures the effect of a selected material on plants,
animals, birds, and fishes. It includes such things as destruction of wildlife
itself, changes to the habitat and environment of the wildlife, changes to
the feeding and migratory patterns of the wildlife, etc.

E. Effect on People

This attribute measures the effect of a selected material on people. It
includes such things as the impact of noise, light, vibration, odors, appearance,
etc. on the safety, comfort and happiness of the workers and the people in
surrounding communities.

III. USE OF NATIONAL RESQURCES

A. Materials

This attribute measures the impact of a selected material on the world
supply of materials. A material which is readily available, either as unmined
cre or as scrap, ls preferable to one which is in short supply or is maintained
in the National Defense Stockpile. This category does not include the effect
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of buying material from foreign sources (that is in Attribute F}.

B. Energy

This attribute measures the impact of a selected material on the

Ty

onsumption of eneray IMmes ~AfF gnaroy from ranlasashlasa enanroac anqch ac watra

sumption of energy. Use of energy from replaceable sources, such as waterpower,
or a reduced use of energy, is preferable to the use of irreplaceable sources
such as petroleum.

(9]

€. Manpower
This attribute is subdivided into two parts:
© skilled labor
o unskilled labor
When a labor shortage exists, it is advantageous to use a material with low
manpower requirements. When there is a high unemployment rate, however, it
may be preferable toc use a material with higher manpower requirements. This
attribute is subdivided to permit separate consideration of the labor markets

for skilled and unskilled workers.

D. Production Facilities

This attribute measures the impact of a selected material on the use
of production facilities. When these facilities are busy, it is advantageous
to use a material which minimizes the additional worklcad. If, however, the
facilities are not otherwise used, this workload should have little effect
unless it becomes the only way to keep a production facility active.

E. Transportation Facilities

This attribute measures the impact of a selected material on the use
of transportation facilities. In general, it is preferable to avoid the use of
transportation facilities, particularly when they are needed for other purposes.

F. Balance of Trade

This attribute measures the impact of a selected material on the national
balance of trade. Any materials or services which must be purchased from a
foreign source have an adverse effect on the balance of trade. In some cases,
however, funds may be "frozen" in a foreign country and such imports can be
the only way to recover this money,

Iv. GOVERNMENT INVOLVEMENT

A. Development of Rules and Regulations

Use of a new material may require the development of new rules and
regulations, or the modification cof existing requirements. In eithex case the
rule making process is apt to be time-consuming and expensive, both: to the agencies
involved and to the prospvective user. 8Such indirect costs would reduce the

prauape Ll QoL 2 =stiLaib bl RidoLa L Lls IR
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worth of the proposed ship. Areas to be considered as candidates for new rules
include:

¢ structural fire protection

o fire fighting equipment

o lifesaving eguipment

o public health regquirements

o OSHA requirements

o electrical safety requirements

o inspection and overhaul requirements

B. Development of International Agreements

Lo
In addition. to the reg

to the regulations of foreign governments and to international treaties such
as SOLAS. These international requirements may be harder to modify than the
U.S. requirements described in Attribute A.

vy ~ramer ic ceunh-Asct
sunject

C. Subsidy
Many ships are eligible for two types of govermmental subsidy:
o construction
o operation

D. Loan Guarantees

Another form of government participation in the shipbuilding and
shipping industry is the guarantees of construction lcans. Any change in
material which affects these guarantees will have an effect on the worth of
the proposed ship.

E. Insurance
Insurance is normally handled by commercial underwriters. If, however,

a new material is such that suitable insurance cannot be cobtained commercially,

the government would be called upon to act as an underwriter. Such a contingency
would affect the worth of a proposed ship.

V. RISK
A. Technical
This attribute is a measure of the likelihood that a selected material

will not perform as well as predicted, ox that it will require more time for
construction, overhaul or repair than was allotted in the economic analysis.
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Either of these contingencies will reduce the worth of the proposed ship.
Technical risk is subdivided into the risk of unforeseen problems in:
o design
o construction
¢ maintenance and repair
o operation
B. Financial
This attribute is a measure of the likelihood that cost estimates used
for economic analysis of the proposed ship contain significant errors. Such
errors can either increase or decrease the worth of the proposed ship, but only
the potential decrease is considered a risk.
Financial risk is subdivided into changes in the cost estimates for:
o construction
¢ maintenance and repair
¢ aoperation
o financing and insurance
C. Regulatory

This attribute is a measure of the likelihocd that future governmental
action will change the rules under which the ship design was made. Such changes
can either increase or decrease the worth of the proposed ship, but only the
potential decrease is considered a risk.

Regulatory risk is subdivided into two parts:

o unforeseen changes in requirements

0 limitations on harbor entry

D. Availability of Crew

This attribute is a measure of the likelihood that use of a selected
material will require an unforeseen increase in crew costs. Such an increase
may be required by union demands for a larger crew, for a higher pay scale,
or for improved subsistence and habitability.

E. Suitability fer Alternate Cargoes

A ship which is limited to handling one type of cargo may be worth less
than a ship which can handle many cargoes. If the availability of the specialized
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cargo should be reduced, the single-purpose ship would require lay-up or
expensive modification, whereas the multi-purpose ship could carry other
cargoes. This attribute is a measure of that risk.

F. Suitability for Alternate Operating Locations

A ship which is limited to one trade route may be worth less than a
ship which can travel many routes, If the availability of cargoes on the single
trade route should be reduced, the single-purpose ship would require lay-up or
expensive modification, whereas the multi-purpose ship could move to a different

‘route Thic atr+riliika o
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Figure C-1 - Fatigue Strength of Butt Welded ABS
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MATERIAL DATA BANK

PART IA
MATERIAL PROPERTIES - ABS MILD STEEL

MATERTAL: ARS Mild Steel
Six Grades: A, B, D, E, DS, CS

Grade to be used depends on location in hull and thickness required
{see ABS rules section 43.3.8).

SUITABILITY FOR MARINE ENVIRONMENT:

2.1 OPERATIONAL, EXPERIENCE: most widely used commercial
structural material.

2.2 ADVANTAGES :
2.2.1 Relatively low cost
2.2.2 Relatively easy to fabricate
2.2.3 Fire resistant
2.2.4 Welds can develop the full strength of the

base material
2.3 DISADVANTAGES :
. Low corrosion resistance - must be protected

1
.2 Susceptible to brittle fracture at low temperatures
3 High density

|36 I N}
W W W

-
- .

2.4 AVATLABILITY: Typical lead time 2 months

2.5 COST: Mid 1977 - material, large guantities plates or
shapes - 19¢/#

2.6 SCRAP VALUE: Mid 1977 - 4 ¢/#

DESIGN PROPERTIES:

3.1 Design Yield Strength 34,000 psi

3.2 Design Ultimate Strength 58,000 psi

3.3 Modulus of Elasticity 29 % 10" psi

3.4 Shear Modulus 11 x 10° psi

3.5 Poisson's Ratio 0.3

3.6 Density 0.283 1bs/in’

3.7 Typical Size or Thickness Specially approved
Limitations specifications

required for thickness
over 2.0 inches
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MATERIAL DATA BANK - PART IA: ABS MILD STEEL (Cont'd)

4.

FABRICABILITY:

4.1 JOINING: Readily welded with a variety of manual and
automatic processes. Welds develop the full strength
of the base material. Welder qualification tests per ABS.

4.1.1 Mechanical fastening - riveting and bolting
are readily performed but superseded by welding
for hull structures.

4.1.2 Dissimilar metal joining -~ cladding, buttering,

welding, explosive bonding.

4.1.3 Brazing -~ readily performed.

4.1.4 Shielded metal arc weld (SMAW) - readily performed.

4 5 Submerged arc weld (SAW) - readily performed

4.1.6 Electroslag weld (ESW - readily performed -

vertical position - heavy plates

4.1.7 Electrogas weld (EGW) - readily performed -

vertical position

4.1.8 Gas-tungsten arc weld (GTAW) - readily performed

4.1.9 Gas-metal arc weld (GMAW) = readily performed

4.1.10 Electron beam weld (EBW) - can be performed

4.1.11 Resistance weld (RW) - can be performed

4.1.12 Adhesive bonding - not applicable to hull plate
thicknesses

4.2 FORMING: readily formed

4.3 MACHINING: 7readily machined
4.4 THERMATL, TREATMENT :
Grades D and DS over 1.375 inches thick are normalized
Grades E and CS are normalized
4.5 DISTORTION CONTROL:
4.5.1 Peening to correct distortion or to reduce
residual stresses is permissible.
4.5.2 Fairing by heating or flame shrinking or other

methods is permissible. For main strength
members within the midships portion and other
highly stressed plating, ABS surveyor approval
is required.

NONDESTRUCTIVE TESTING/QUALITY CONTROL:
Liguid Penetrant - exter
Magnetic Particle - extensive experience
Radiography - extensive experience
Ultrasonics — extensive experience
Acoustical Emission - no information

th onnoovLn
s w o
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MATERIAL DATA BANK - PART IA: ABRS MILD STEEL (Cont’'d)

6. MAINTENANCE AND REPAIR:

6.1 Coatings are required both above and below the waterline
to reduce corrosion. In addition, a corrosion allowance
in the form of added material is provided for all exposed
plating and framing. When special protective coatings are
used, the scantlings of longitudinal strength structure
may be reduced by 10% or 0.125 inch maximum.

6.2 This material is relatively eacy to repair in the field
or in a shipyard. No post-weld heat treatment is required.

7. PHYSICAL AND CHEMICAL PROPERTIES:

7.1 COMPOSITION (Typical values - some variations permitted

in special cases):
Grade a B D E DS cs
Deoxidation any any fully fully fully fully
method method killed, killed, killed, killed,
except except fine- fine- fine- fine-
rimmed rimmed grain grain grain grain
Steel steel practice practice practice practice
Carbon-max% 0.23 0.21 0.21 0.18 0.16 0.16
Manganese-~% 0.80- 0.70- 0.70- 1.00- 1.00-
1.10 1.40 1.50 1.35 1.35
Phosphorous—
maxs 0.04 0.04 0.04 0.04 0.04 0.04
Sulphur-
max % 0.04 0.04 0.04 0.04 0.04 0.04
Silicon-% N/A 0.35 0.10- 0.10- 0.10~- 0.10-
max 0.35 0.35 0.35 0.35
7.2 CORROSION:
7.2.1 General with water flow 4-6 mils per year
< 10 fps, up to 50 mils per
year in splash zone
if unprotected
with water flow
rate > 10 fps (not available)
7.2.2 Pitting and crevice minor
7.2.3 Stress none
7.2.4 Cavitation moderate
7.2.5 Fouling poor resistance
7.2.6 Hs Embrittlement none
7.2.7 Exfoliation none
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MATERIAL DATA BANK - PART TA: ABS MILD STEEL (Cont'd)

7.2.8 Cargo Compatibility Compatible with

most

large volume dry

and liguid bulk cargo.
Various chemicals are
corrosive to mild steel
but stainless steel
cladding and various
protective coating
systems are available.

7.3 EROSION: moderate
7.4 PROTECTION:
7.4.1 Coatings - required for protection from oxidation

and to reduce fouling. Many types of coating

systems available.

7.4.2 Anodes - zinc or aluminum
7.4.3 Cathodic protection system - available
7.5 THERMAL CONDUCTIVITY: 0.12 cal-cm/cm?-°C-sec

7.6 COEFFICIENT OF THERMAL EXPANSION: 6.3./10B

8. MECHANICAL PROPERTIES:

in/in °F

for grade A

over 1.00 inches which is 32.0 ksi min.

- 20 ft-1lbs
14 ft-1bs

available)
available)
available)
available)

~-20°F to + 40°F

8.1 Yield Strength: 34.0 Kksi min except
8.2 Tensile Strength; 58.0 - 71.0 ksi

8.3 Elongation: 24% min in 2 inches
8.4 Toughness:

8.4.1 Charpy - Grade D - longitudinal
at -4°F
transverse -
at -4°F

8.4.2 Dynamic tear 1" (not

8.4.3 Dynamic tear 5/8" {not

8.4.4 Kiec (not

8.4.5 Kiscc (not

8.4.6 Nil ductibility temperature - Grade G -

8.5 HARDNESS : 110 - 140 BHN
8.6 FATIGUE STRENGTH: See Figure IA-8.6-1



MATERTIAL DATA BANK - PART IA: ABS MILD STEEL (Cont'd)

8.7 CREEP:

.1 Room temperature
2 150°F

MISCELLANEQUS :
SPECIFICATIONS: ABS

9.1
9.2 SPECIAL PROPERTIES: (not applicable)
9.3 REMARKS: (not applicable)

C-b

(not available)
{(not available)
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MATERIAL DATA BANK

PART IB

MATERIAL PROPERTIES - 5456 ALUMINUM

MATERIAL: 5456 Aluminum

Sheet and plat temper: H112, Hl1l6, H117, H323, H343
1

Fvirnaeinn tamnara
LATTUSIQN TEMpers

Die forgings:
Hand forgings:

H111 112

Iild bk g dlu dd

H112
H112

SUITABILITY FOR MARINE ENVIRONMENT:

2.1 OPERATIONAL EXPERIENCE:
2.1.1 H116/H117 temper used for hulls on PHM, Boeing
JETFOIL, and ALCOA/SEAPROBE.
2.1.2 H111 temper extrusion used for decking on PHM,
Boeing JETFOIL, and ALCOA SEAPROBE.
2.1.3 H321 temper used extensively on Navy craft

2.2 ADVANMNTAGES:

including USS HIGHPQOINT, USS TUCUMCARI, and

USS FLAGSTAFF. Considerable problems have

been experienced with exfoliation. Some
reported stress corrosion cracking on TUCUMCARI.

Should not be used for hulls.

2.2.1 Low density
2.2.2 Resigtant to exfoliation except in H321 temper.
2.3 DISADVANTAGES:

Low corrosion fatigue strength

High weld distortion peculiar to aluminum
Cannot be used where service temperature

exceeds 150°F

Anodic to most structural materials. Protection
system recommended

Welds cannot develop the full strength of the
base material.

2.4 AVATLABILITY:



MATERIAL DATA BANK - PART IB: 5456 ALUMINUM (Cont'd)

2.5 COST: Mid 1977 - material, large quantities, plates or
extrusions - 78 ¢/# (4.11)*
* Values in parenthesis are relationship to ABS
mild steel.
2.6 SCRAP VALUE: Mid 1977 - 29 ¢/# (7.25)
DESIGN PROPERTIES (welded - all tempers):
3.1 DESIGN YIELD STRENGTH 19,000 psi (0.559)
3.2 DESIGN ULTIMATE STRENGTH 41,000 psi (0.707)
3.3 MODULUS OF ELASTICITY 10.3 x 106 psi (0.355)
3.4 SHEAR MODULUS 3.85 x 10° psi (0.350)
3.5 POISSON's RATIO 0.33
3.6 DENSITY 0.096 lbs/in® (0.339)
3.7 TYPICAL S5IZE OF THICKNESS LIMITATIONS up to 3.0 inches thickness
FABRICABILITY:
4.1 JOINING: Both manual and automatic welding have the same

effect on strength but automatic welding produces more

consistent results. Weld position has little effect on

strength although providing access for the typical welding

gun is sometimes difficult. Recommended filler wire is

5556. Welder gualification tests per ABS.

4.1.1 Mechanical fastening - rivet alloys 1100,
6054-T6, and 6053-T6.

_______ =

4.1.2 Dissimilar metal Jjoining -~ cladding, dip coating
electroplating, buttering, welding explosive
bonding.

4.1.3 Brazing - difficult to braze - poor wetting -

Ve ol mmme i ek & oo
U005 UL prupcrLuLices

4.1.4 Shielded metal arc weld (SMAW) - not applicable
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MATERIAL DATA BANK - PART IB:

5456 ALUMINUM (Cont'd)

5. NONDESTRUCTIVE TESTING/QUALITY CONTROL:

5.1
5.2
5.3
5.4
5.5

6.

LIQUID PENETRANT - extensive experience

MAGNETIC PARTICLE - not applicable

RADIOGRAPHY - extensive experience

ULTRASONICS - extensive experience

ACOUSTICAL EMISSION - limited experience

MAINTENANCE AND REPAIR:

6.1

6.3

Above the waterline relatively little maintenance is
required. 1In many cases, the aluminum is left unpainted and
needs only an occasional fresh water washdown. However,

if painted for aesthetic or other reasons, the coating
should be carefully maintained to prevent concentrated

1ocal corrosive or el pr~+rolytic

Loaa LI Iivss cilol Ll

in the coating.

Below the waterline, primer and tributyl tin oxide
antifouling paint or other coatings not containing copper,
lead, or mercury are generally used.

When making weld repairs, scome protection from wind is
generally required. The filler wire must be stored in
moisture free areas. No post weld heat treatment is required.

PHYSICAI AND CHEMICAL PROPERTIES:

7.1

7.2

COMPOSITION: Magnesium 4.7-5.5 Zinc 0.25 max
Manganese 0.5-1.0 Titanium 0,20 max
Chromium G.05-0.25 Others:
Copper 0.1 max Each 0.05 max
Silicon & 0.4 max Total 0.15 max

Iron
CORROSION:
7.2.1 General with water flow

rate < 10 fps light - uniform

with water flow

rate > 10 fps (not available)
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MATERIAL DATA BANK - PART IB: 5456 ALUMINUM (Cont'd)

7.2.2 Pitting 0.13-0.26 mpy some pitting in
& Crevice splash zone

R ] CQF e MNAanAd +ooicakan~n For-te s alol bt oKD [ews oy
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certain conditions -
high temperatures -
severe cold forming

7.2.4 Cavitation Poor resistance
7.2.5 Fouling Poor resistance
7.2.6 H» Embrittle-
ment none
7.2.7 Exfoliation none in H116/H117 temper -

will occur in H321 temper

7.2.8 Cargo contact with copper, tin, or
Compatibility mercury ores, potassium

carbonate, potassium hydroxide
and trisodium phosphate should
be aveoided. Moisture in cargo
holds should be minimized and
the holds should be cleaned
regularly to minimize cargo
buildup when carrying ferrous
ores, lime, aluminum floride,
and aluminum sulphate.

7.3 EROSION: Poor resistance — will abrade at approximately
h £

A L B a2 m Ll am b R T T |
24 LU I Llliebh Lile rLduLe Q HiLid SLeEcl.

7.4 PROTECTION :

7.4.1 Coatings - see item 6.1 and 6.2
7.4.2 Anodes ~ zinc or aluminum
7.4.3 Cathodic protection system - over protection is

a severe problem - current demands on system
are small at low velocity.

7.4.4 Fire - alternate procedures are available to
ensure that aluminum structure provides
protection "equivalent to steel" (see reference 23).

7.5 THERMAL CONDUCTIVITY: 0.28 cal—cm/cm2-°c~sec (2.33)

7.6 COEFFICIENT OF THERMAL EXPANSION: 12.7/106 in/in-°F @ 68°F {2.02
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MATERIAL DATA BANK - PART IB: 5456 ALUMINUM (Cont'd)

8. MECHANICAL PROPERTIES:

Form Temper Thickness 8.1 YIELD STRENGTH 8.2 ULTIMATE STRENGTH 8.3 ELONGATION
{inches) minimum, 02% minimum (ksi) minimum in
of fset (ksi) 2_inches (percent)
Butt Welded All to 1.5 19.0 41.0
Sheet and v} 0.051-1.500 19.0 42.0 16
Plate 1.501-3,000 18.0 41.0 16
H112 0.250-1.500 19.0 42.0 12
1.501-3.000 18.0 41.0 12
H1l6 & 0.063-0.624 33.0 46.0 12
H117 0,625~1,250 33.0 46,0 12
1.251-1.500 31.0 44.0 12
1.501-3.000 29.0 41.0 12
H323 0.051-0,125 36.0 48.0 6
0.126-0.249 36.0 48.0 : ]
H343 0.051-0,125 41.0 53.0 6
0.126-0.249 41.0 53.0 8
Extruded 0 to 5.0, 32 in? 19.0 41.0 14
max area
HIll to 5.0, 32 in? 26.0 42.0 12
max area
H112 to 5.0, 32 in? 192.0 41.0 12
max area
Die forged H1l2 to 4.0, parallel 20.0 44.0 16

to grain flow
Hand forged H112 to 3.0, longitudinal 20.0 44.0 16

to 3.0 long transv. 18.0 42,0 14



MATERIAL DATA BANK - PART IB: 5456 ALUMINUM (Cont'd)

8.4 TOUGHNESS :
8.4.1 Charpy {not available)
8.4.2 Dynamic tear 1" {not available}
8.4.3 Dynamic tear 5/8" {not available)
8.4.4 KIC (not available)
8.4.5 Xiscc {not available)
B.4.6 Nil ductility temperature (not applicable)

8.5 HARDNESS: annealed plate - 70 BHN

8.6 FATIGUE STRENGTH: See Figure IB-7.6-1
Strength of H321 temper at a given number of cycles varies
from 0.45 to 0.74 that of ABS mild steel.

8.7 CREEP:
8.7.1 Room temperature (not available)
8.7.2 150°F {(not available)

2. MISCELLANEOUS:

9.1 SPECIFICATIONS: ABS

9.2 SPECIAL PROPERTIES: nonmagnetic

9.3 REMARKS: (not applicable)
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MATERIAL DATA BANK

PART II

5456 ALUMINUM

© MATERIAL CONVERSION RELATIONSHIPS

Steel and aluminum are both homogeneous isotropic materials and, therefore,
it is reasonable to assume that the stiffening systems will be similar. The
optimum spacing of stiffeners for minimum weight or minimum fabricated cost
for the two materials may be slightly different. For the purposes of this
sample study, it should be sufficiently accurate to assume the same stiffener
spacings and beam lengths for the aluminum ship as for the steel ship.

Material conversion factors must account for differences in material ultimate
strength, yield strength, fatigue strength and modulus of elasticity. The
conversion factors for structure subject to dynamic loadings (which is subject
to fatigue) must alsc account for differences in material fatigue strengths.
Fatigue strengths of both steel (Fs) and aluminum (Fa) will be based on the
area under the S-N (stress-number of cyecleg) fatigue curves between 10% and
108 cycles. The ratio of these values (Fs/Fa) is 2.2 as given in Reference 4.

Corrosion

O

N = T = Ten Al 1 7
DDy LIV LOS LI

LU
ch

steel rules,allows a 10% reduction in steel section
moduli and a 10% reduction in plate thicknesses, not to exceed .125", for steel
with adequate corrosion resistant coatings. Considering the good corrosion
resistance of aluminum, it is considered reasonable to apply this reduction when
converting steel scantlings to aluminum scantlings. Therefore, the uncoated
steel scantlings will be reduced tec the equivalent coated scantlings before
applying the conversion factors needed to calculate aluminum scantiings. A.B.S.,
in the 1975 aluminum rules, also reduces the conversion factors by 10% to

account for aluminum's better corrosion resistance,

Abrasion

Abrasion of the tank top and lower wing bulkheads is an important design
consideration for bulk ore carriers, It was determined in Reference 3 that
aluminum abrades approximately four times faster than mild steel. Therefore,
the aluminum abrasion allowance will be four times the steel abrasion allowance.
The thickness of an aluminum plate subject to abrasion can then be determined
by the following equation:

n

Ta {T's - As) (@} + Ra
which gives:

Ta

"

(Q)Ts + As(4 - Q)
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where;

Ta = thickness ¢f the aluminum plate

Ts = thickness of the coated steel plate

Q = the appropriate conversion factor
depending on the loading type and
orientation

Aa = aluminum abrasion allowance (= 4 As)

As = steel abrasion allowance

MATERIAL CONVERSICN FACTCORS FOR STATICALLY LOADED STRUCTURE

The basic static material conversion factor is a single number determined by
combining the ultimate and vield strengths of the two materials. The relative
importance of yield and ultimate is still under widespread debate. Therefore,
an equally weighted equation, which is presently used by A.B.S. in converting
MS to HTS and MS to Aluminum, will be used for this study:

os (¥s + Us)
(Ya + Ua)
where;
¥Ys = yield stress of mild steel
Us = wultimate stress of mild steel
Ya = as welded yield stress of aluminum
Ua = as welded ultimate stress of aluminum
Os = static material conversion factor
Stiffeners

The minimum section modulus of an aluminum member, not sublject to dynamic
loads, which is to replace a steel member will be the section modulus of the
coated steel member times the static material conversion factor (Qs). It is
also necessary to restrict the deflection of aluminum members. This restriction
is presently used by A.B.S. because of the lack of data concerning the effect
of increased deflections on ship structure. Deflection is restricted by requiring
the moment of inertia of the aluminum member to be at least twice that of the
coated steel member. For convenience in calculation, both the section modulus
and the moment of Inertia ef a coated steel member are assumed to.be. equal
to 90% of the corresponding wvalues for uncoated steel.

C-16



MATERIAL DATA BANK, PART II, 5456 ALUMINUM (Cont'd)

Plating

The conversion factor for changing steel plate thicknesses to aluminum plate

L ol e e o e 3 R Az mrnt ] NPT VI - P S [y e e

thicknesses, where Qynamic locads are not a major concerrn, is d&ycudcuu on the
loading orientation. The effect of in-plane loads can be measured by yield

or ultimate tensile and compressive stresses; the effect of normal loads can be
measured by bending stresses.

For in-plane tensile or shear loads, the conversion equation is;:

Ta = (0s) Ts
where;
Ta = thickness of the aluminum plate
Ts = thickness of the coated steel plate
Qs = static material conversion factor

For in-plane compressive loads, the conversion equation is:

Ta = (Qcs) Ts
where;
Ta = thickness of the aluminum plate
Ts = thickness of the coated steel plate
Qcs = compressive gtatic conversion factor

To evaluate Qcs, assume that:

Qcs = Os/Ca
where;
Ja = in-plane stress of the aluminum plate
0s = in-plane stress of the coated steel plate

In order to maintain eguivalent buckling strength the following must be true:
{(ger)a _ Ca
{Ccr)s os
where;
(Oer)a = critical buckling stress of aluminum

{(Uer)s = critical buckling stress of steel
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The critical buckling stresses of plates having the same dimensions and boundary

conditions are directly proporticnal to ET?. Therefore,

(ger)a _ Ea(Ta)?
(ccr)s Es{Ts) 2
-where;
Ea = the modulus of elasticity of aluminum
Es = the modulus of elasticity of steel

These equations give the formula:

)[Es

Qcs = Ea

This value shall be used in all cases where Vi Es is greater than (Qs). If

(0s) is greater, that value shall be used for (QCET.

For normal loads, the conversion equation is:

Ta = (Qns) Ts
where;
Ta = thickness of the aluminum plate
Ts = thickness of the coated steel plate
Ons = normal static conversion

The conversion factor (Qns) is determined by applying the static material
conversion factor (Qs)} to the section moduli of the aluminum and steel plates.

SMa = (0s) SMs
where;
SMa = section modulus of the aluminum plate
SMs = section modulus of the coated steel plate

Since section modulus is based on the thickness squared, the conversion
equation becomes:

2 2
WTa (Qs) WTZ

I
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where;
W = width of plate
Ta = thickness of the aluminum plate
Ts = thickness of the coated steel plate

"which reduces to

. B
ong = T/ (0O=)
ons Qs)

For combined normal, and tensile or shear loads, the conversion eguation is:

Ta = (Qnts) Ts
where;
Ta = thickness of the aluminum plate
Ts = thickness of the coated steel plate
Onts = combined static conversion factor

The factor {(Pnts) will be the average of the normal factor (Qns) and the tensile
or shear factor (Qs), so that:

(ns) + (Qs)
2

Onts =

For combined normal and compressive loads, the conversion equation is:

Ta = (Qncs) Ts
where;
Ta = thickness of the aluminum plate
Ts = thickness of the coated steel piate
Oncs = combined static conversion factor

The value for the combined static conversion factor (Qncs) shall be taken as the
value calculated for (Qs) or (Qcs) or (Qns) whichever is greater.

MATERIAT, CONVERSION FACTORS FOR DYNAMICALLY LOADED STRUCTURE

The fatigue strength of aluminum is relatively low and, therefore, must be
included in the dynamic material conversion factor. The basic dynamic material

Material fatigue strength is a major concern in dynamically loaded structure.
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conversion factor (Qd) is calculated from the following equation:

Qd=1/2<¥ﬁ +§—5—>

Ya Fa
where;
¥s = vyield strength of steel
Ya = as welded yield strength of aluminum
Fs = area under the S-N curve of steel
Fa = area under the S-N curve of aluminum

The equation for (Qd) produces a material factor egually welghted between the
yvield and fatigue strength ratios. This value shall be used for all cases where
it is greater than (Qs). If (Qs) is greater, that value shall be used for

(Qd). A.B.S. also uses this equation for structure where dynamic loads are a
major concern,

Stiffeners

The minimum section modulus of an aluminum member subject to dynamic loads,
which is to replace a steel member, will be the section modulus of the coated
steel member times the dynamic material conversion factor (Qd). As in the
case of statically loaded structure, the deflection will be restricted by
requiring the aluminum moment of inertia to be at least twice that of the coated
steel member, and the section modulus and moment of inertia of the coated
steel member are assume . to be 20% of the values for uncoated steel.

Plating

Aluminum plate thickness conversion factors will be found for dynamic
structure in the same manner as the static plate thickness conversion factors
were found. In any case where the dynamic conversion factor is less than the
corresponding static conversion factor, the static factor shall be used.

For in-plane tensile or shear loads, the conversion equation is:

Ta = (Qd} Ts
where;
Ta = thickness of the aluminum plate
Ts = thickness of the coated steel plate
0d = dynamic material conversion factor
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For in-plane compressive loads, the conversion equation is:

Ta = (Qcd) Ts
where;
Ta = +thickness of aluminum plate
Ts = thickness of coated steel plate
Qcd = compressive dynamic conversion factor = (Qd)

For normal lcads, the conversion equation is:

Ta = (Qnd) Ts
where;
Ta = thickness of aluminum plate
Ts = thickness of coated steel plate

ond = Vo (Ond) = normal dynamic conversion factor

For combined normal, and tensile or shear locads, the conversion equation is:

Ta = (Ontd} Ts
where;
Ta = thickness of aluminum plate
Ts = thickness of ccated steel plate
+
ontd = (od) (End) = combined dynamic conversion factor

2

For combined normal and compressive loads, the conversion equation is:

Ta = (Qncd) Ts
where;
Ta = thickness of aluminum plate
Ts = thickness of coated steel plate
Oncd = combined dynamic conversion factor

The value for the combined dynamic conversion factor (Qncd) shall be taken as
the value calculated for (Qd) or (Qed} or (Qnd) whichever is greater.
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MATERIAL CONVERSION FACTOR FOR STANCHIONS, PILLARS AND STRUTS

The A.B.S. equation governing the design of stanchions, pillars, and struts
for steel ships is developed from the critical buckling stress curve using the
straight-line method. The A.B.S. eguation for steel is:

Wa = (17.54 - .0644%) A
where;
Wa = allowable load in (KIPS)
1 = colum length in (in)
r = radius of gyration (in)
4 = a in (in?)

ar
rea

A similar eguation was developed by A.B.S. in the rules for aluminum ships.
This equation incorporates a 10% increase to account for corrosion. Using 5456
aluminum properties in the A.B.S5. equation giwves:

Thaca +um amia
i@se WO egqua

direct substitution of aluminum in place of steel Tables or graphs can be
developed to permit such a substitution, but this is a time-consuming effort

and is justified only if many such calculations are to be made., When only a

few substitutions are needed, as in the case of this sample calculation, a
trigl-and-error method can be used. The maximum allowable load (Wa) is calculated
for the steel member and used as the design load for the aluminum member. Varlous
aluminum sections are tried until one is found which will support that design
load. This process is repeated for each stanchion, pillar or strut.

NUMERICAL VALUES

oo - GRS L a1

e - Y B - EEET
Qcs < Qs Qs = 1.533

Qns =_\/QT ="\/1.533 = 1.238
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Onts = on + Os - 1.238 + 1.533 - 1.386
2 2 N
Qnes = > (Ps or Qcs or Qns) = 1.533 N
1/ ¥s Fs \ _ 1/ 34000 A
Qd = 2(Ya ¥ Fa>_ 2( o000 T 2:2) = 1.995
Rd > Qs ., gd = 1.995
Qcd = Qd = 1.995
Qed > Qcs ., Qed = 1.995
ond = Voa = V1,995 = 1,412
ond > Ons.. Qnd = 1.412
ontd = d_+ ond _ 1.995 + 1.415 _ ., _ ..
2 2
ontd > Onts ,, Ontd = 1.705
Oncd = > (Qd or Qed or Qnd) = 1.995
Oned > QOnecs.. Pned = 1.995
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PART III

SUPPLEMENTARY DATA

WEIGHTS

The midship section and transverse bulkhead designed for the aluminum ship
in Appendix E and the corresponding drawings for the steel ship in Appendix D
were used to calculate weights of typical weight groups. The ratios of these
weights (aluminum/steel) are tabulated below. These values can be used to
estimate the weight of any similar aluminum configuration {if the weight of the
steel component it replaces is known). The ratio is very accurate for
confiqgurations which are closely similar to those used as a base, and are
reasonably good for other configurations.

The accuracy of these factors can be improved by calculating weight ratios
for additional configurations and developing tables or graphs to cover a wider
range of possibilities. This additional work is not justified for a single ship

investigation, but would be very helpful if many Material Trade-Off Studies
were conducted.

{1/2 Ship Weights)
Calculated

Alum. /Steal
1 :1?:":\“ Calculated Steel Weight
Structural Item elig] Weight Ratio
Dack FPlating &
Longitudinals 7717.6 d/Ft 1345.6 #/Ft .578
Side Shell Plating
& Longitudinals 898.86 #/Ft 1426.6 4/Ft 630
Inner Bottom Plating
& Longitudinals 939.6 #/Ft 1205.9 #/Ft 179
including
abrasion
allowance
Bottom Shell Plating
& Longitudinals 1061.0 #/Tt 1652.9 #/Fe 643
Lower Tank Side Plating FIGURE C-3 - ALUMINUM TO
& Langitudinals 494.6 &/Ft 585.6 #/Ft -845
inenuing STEEL WEIGHT
abrasion HAILUS
allowance
Upper Tank Side Plating
& Longltudinals 370.6 #/Fr 591.8 ¥/Ft .6286
Bulkhead Plating &
Framing 29.28 L. Tons 51.13 L. Teous .373
Upper Transverse Web
Structure 1608.5% § 2929.0 # 549
Lower Transverse
Web Stracture A563.5 # 7380.2 ¥ .483
51de shell Stiffeners 309.6 # 659.3 # .470
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COSTS

All costs are escalated at 8% from the date of the contract.

Steel:
Cost of material = 19 ¢/# = $426 /1. ton
Cost of fabrication & erection = 390
Total = $816 /1. ton
Aluminum:
Cost of material = 78 ¢/# = $1747 /1. ton
Cost of fabrication & erection = 790
Total $2537 /1. to

Construction Waste Credit

Steel:

12% of the structural weight is construction waste (cuttings,
fit-up allowance, etc.} at 4 ¢/#.

Aluminum:

5% of the structural weight is construction waste at
29 ¢/#,

Installed Cost of Machinery

Steel:

Cost of machinery $383 /SHP

Aluminum:

Cost of machinery (increased 4.1% as recommended in
Reference 4. to allow for increased piping cost and for

.
-f By = - eme d ek e Y — SIQD Fing dun]

isolation of m chinery and equipméuu: = $I2T jonr
Installed Cost of Outfit
Steel:

Cost of Outfit = $5283 /1. ton
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Aluminum:
Cost of outfit (increased 5.4% as recommended in
Reference 4 to allow for changed fire protection,
painting, etc.) = $5568/1. ton

Cost of Design

-~ ~

Steel:

Cost of design $2345000

Aluminum:

Cost of design {increased 30% as recommended in
Reference 4 to allow for differences in regulations
and design methods, and for increased machinery

and outfit complexity) = $3049000

= Apl LT AL LY 7 bl

Acquisition Costs Not Affected By Material

6. Overhead = 25% of the sum of categories 1 through 5.
7. Profit = 10% of the sum of categories 1 through 6.
8. Annual Cost of Maintenance and Repair
These costs vary with the size of the ship and power plant,
the amount of surface to be painted, etc. For convenience
in this sample calculation, this cost is assumed to be
propeortional to displacement.
Steel:
Cost of maintenance and repaiy = $878 / l.ton
Aluminum:
Cost of maintenance and repair {increased by
11% to allow for increased machinery and outfit
complexity and for higher uninsured repair costs, and
decreased by 5.3% to allow for decreased painting
costs, for a net increase of 5.7% as recommended
in Reference 4) = $928 / 1. ton
Operating Costs Not Affected By Material
9. Manning and Subsistence = $1238000/year
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$ 80000/year

h

10. Shore Staff

$ 1lo000C +
{0.007 * construction
cost) /year

11. Hull and Machinery Insurance

12. Protection and Indemnity Insurance = $ 70000/year
13. Fuel = $ 75/ton
SPACE

Space requirements do not affect the designs of the ore carrier
used for this study, so data were not developed.
VOLUME

The volume of all the structure, or of any structural component,
can be found from that structure's weight.

Steel weighs 0.283 pounds per cubic inch and, therefore, occupies
4.58 cubic feet per ton.

Aluminum weighs 0.096 pounds per cubic inch and, therefore,

occupies 13.50 cubic feet per ton.



APPENDIX D

SAMPLE STEEL SHIP DATA BANK

M. V. CHALLENGER

CONTENTS
Principal Characteristics . . . . . . . . . . . .
Figure D~ ~ Selected Mild Steel Ship e e s

Figure D-2 — Mild Steel Midship Section .« ..

Figure D-3 - Transverse Water Tight Bulkhead Mild
Steel Ship s s 2 e s = e s

Figure D~4 - Transverse Spacing e e e e e e

Costs e e a



PRINCIPAL CHARACTERISTICS - M. V. CHALLENGER

LOA = 632.833 feet
LBP = 590,542 feet
Beam = 88.583 feet
Depth = 52.167 feet
Draft

Full Load = 35.75 feet

Light 15.0 feet
Displacement

Full Leoad = 44,750 Long Tons

Light = 19,571 Long Tons
Light Ship Weight = 7,892 Long Tons
Total Deadweight = 36,858 Long Tons
Speed

Maximum = 17.4 knots

Full Load = 14.8 knots

Light = 16.9 knots
Power

Maximum = 9,600 SHP

Full Load = 8,700 SHP

Ballast = 7,800 SHP
Built 1965, Mitsubishi Heavy Industries, Ltd.
Classification ABS A1 E "Bulk Carrier"

Strengthened for heavy cargoes

Registration Monrovia, Liberia, No. 2373

Gross Tonnage
Net Tonnage
Mumber of Crew
Number of Passengers
Weight
Structure
Machinery
Ccutfit
Ship Stores
Consumables
Crew and Effects
Pass. and Effects
Potable Water
Res. Feed Water
Ballast
Fuel
Cargo
Range .
Reserve Fuel
Fuel Rates
Consumables
Crew
Pass
Potable
Crew
Pass.

Water

19,633 (Liberian)
13,451 (Liberian)
= 34

= 0

= 5920.0 Long Tons
= 752.0 Long Tons
= 1190.0 Long Tons
= 100.0 Long Tons

90.0 Long Tons
= 1.0 Long Tons
= 0.0 Long Tons
= 140.0 Long Tons
= 60.0 Long Tons
= 0.0 Long Tons
= 1029.0 Long Tons
= 35459.0 Long Tons
= 9040 N. Miles
= 2 Days

= .397 #/SHP-HR

ITRy]

0 #/man-day

I
o

= 800 #/man-day
0
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FIGURE D-2 - MILD STEEL MIDSHIP SECTION
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cosTs

ACQUISITION

Structure $ 4,831,000
Construction Waste Credit - 64,000
Machinery 3,677,000 *
Ooutfit 6,287,000 *
Design 2,345,000 *
Overhead 4,269,000 *
Profit 2,135,000 *
Total $ 23,480,000

ANNUAL OPERATING

Manning and Subsistence S 1,238,000 *
Shore Staff 80,000 *
H & M Insurance 17¢,000 *
P & I Insurance 70,000 *
Maintenance and Repair 393,000 *
Total $ 1,857,000

* These values are based on Reference 4, escalated at 7% for seven years.
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Figure E~2 -
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Verification
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APPENDIX E

SAMPLE STRUCTURAL SYNTHESIS

CONTENTS

omponents and Loading . . . . .

Structure . . . . . . ¢ .

.

Scantling Substitution — Longitudinal

- Scantling Substitutions - Transverse

Structure . . . . . .+ s s .
Aluminum Midship Section . . .

Transverse Watertight Bulkhead
Aluminum Ship .

of Aluminum Design Suitability
p Structural Weights e e

p Characteristics e e
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STRUOCTURAL COMPONENTS AND LOADING

LONGITUDINAL STRUCTURE

STRUCTURE

Side Shell Plating

Inner Bottom Plating

Deck Plating

Upper Tank Side
Plating

Bottom and Bilge Turn
Plating

Longitudinal Framing
(in floor)
Longitudinal Deck
Girder

Bottom Longitudinal
Innex Bottom
Longitudinal

Side Longitudinal

Deck Leongitudinal and
Tank Side Longitudinal

ORIENTATION
DYNAMIC - In-Plane
(including compressive)

and Normal

DYNAMIC - In-Plane
{including compressive)
High

and Normal.

abrasion levels

DYNAMIC - In-Plane
{including compressive)

and Normal

DYNAMIC - In-Flane
{including compressive)

and Normal

MARTTTIA T T AT
LUNVLERODLUN

EQUATION

Ta = Ts {(Qned)

Ta = Ts (Qncd)

+ As{4 - QOnecd)

Ta = Ts (Qncd)

SMa = SMs (Qncd)

Ia 2 21s




TRANSVERSE

STRUCTURAL COMPONENTS AND LOADING

STRUCTURE

STRUCTURE

Bulkhead Plating

Bulkhead Stiffeners

Transverse
Plating

Transverse
Stiffeners
Lower Tank
Bilge Turn
Upper Tank
Transverse
Girder and

Floorx

Floor

Side Girder
Girder

Side Girder
Deck

vVertical Side Girder

Side Shell
Stiffeners

Vertical

LOADING TYPE RND
ORIENTATION

STATIC - In-Plane
{including compressive)

and Normal

STATIC - Normal

STATIC - In-Plane
(including compressive)

and Normal

STATIC - In-Plane

(including compressive)

and Normal

DYNAMIC - Normal

CONVERSION
EQUATION

Ta = Ts {(Qncs)
SMa = SMs (Qns)

Ia 2 21s

Ta = Ts (Qncs)
SMa = SMA (Qncs}
Ia 2 21s

SMa = S5Ms (Qnd)

Ia 2 21s
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LONGITUDINAL $TRUCTURE

STEEL SCANTLINGS SION
| RSION
STRUCTURE ﬁr.hpq) CogggToi (0 * Ts STiggc ;fgu ALUMINUM
UNCOATED | COATED (Ts) (0o (as)  |ns(4-0) SIS
Side Shell Plating .67 .603 oncd = 1.995 1.203 - - 1.203 Use 1.250
Bottom and Bilge
Turn Plating .71 .639 Oncd = 1.995 1.275 - - 1.275 Use 1.375
Inner Bottom and .75 .675 gned = 1.995 1.347 .2 L.401} 1.748 Use 1.875
Lower Tank Side
Plating .67 .603 oncd = 1.995 1.203 .2 .401} 1.604 uUse 1.75
Deck Plating 1.0 0.90 Qncd = 1,985 1.795 - - 1.795 Use 1,875
Upper Tank Side .43 . 387 gned = 1.995 772 - - 772 Use .8125
.41 .369 Oncd = 1,995 .736 - - .736 Use .75
.39 .351 Oned = 1.995 . 700 - - .700 Use .75
.37 .333 Oncd = 1.995 . 664 - - .664 Use .6B7S
Longitudinal Framing .61 .549 Qped = 1.995 1.095 - - 1.095 Use 1.125
(in floor) .43 .387 Oncd = 1.995 .772 - - .772 Use .B125
Longitudinal Deck
Girder .7 .639 Oncd = 1.995 1.275 - - 1.275 Use 1.375
Keel Plating .96 .864 Oncd = 1.995 1.724 - - 1.724 Use 1.75
Bottom Longitudinal
5.8 x 3.5 x .39 x
.59 L
on .71" x 24" plt SM = 29.6 in] 26.64 in® | Oncd = 1.995 SM = 53.15 Use 10.5 x 5.0
I =251.1 in'{ 225,99 in“} I * 2 I = 451.9 - - X .625 Flg P1t
SM = 53.1 T =
503.7
en .67" x 24" plt SM = 29.5 in 26.55 gned = 1.995 5M 53,97 Use 10.5 x 5.12°
I = 247.0 inl 222.3 I % 2 T = 444.6 - - X .625
SM = 53.2 1 =
498.8

FIGURE E-1 - SCANTLING SUBSTITUTION - LONGITUDINAL STRUCTURE
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LONGITUDINAYL STRUCTURE

STRUCTURE STEEL PGARELINGS CONVERSION W * Ts AT on, ALUMINUM
ACTOR
UNCOATED | COATED (Ts) F SQ?_ sl Qﬁ%ﬁ:Q) ff?ﬁf}fﬂffiﬁ
Inner Bottom Long'l -
11.17 x 3.5 x .43 SM = 41.2 37.08 Oncd=1.995 SM = 73.97 - - Use 12 X 6 x .62°
X .63 L Flg P1lt
Oon .75 x 24" plt I = 411.6 370.44 1*2 I = 740.88 SM = 74.7
I = 840.0
on .67 x 24" plt SM = 40.8 36.72 Oncd=1,995 SM = 713.26 - - Use 12.6 x .625
I = 398.4 358.5%6 I *x2 I =1717.1 sM = 73.8
I = B19.2
Side Shell Long'l SM = 20.6 18.54 Oned=1.995 SM = 36.99 - - Use 9 x 4 x .625
7.35 x 3.5 x .35 Flg Plt
x .55L on .67 x I = 143.6 129.24 I*2 I = 258.5 SM = 37.2
24' plt I = 310.4
Deck Longitudinal SM = 32.4 29.16 Oncd=1,995 SM = 58,17 - - Use 10.5 x 5.25
9.8 x .98 FB on T = 291.5 262.15 T % 2 T = 524.7 * .625 Flg Plt
1" x 30" pt¢ - T e - - - T SM = 58.6
* I =605.3
Tank Side Long'l SM = 19.7 17.73 Oncd=1.995 SM = 35,37 - - Use 8.75 % 4.5 x
7.35 x 3.5 x .35 .625 Flg P1lt
X .55 L On 30" x I =127.6 1i4.84 I *2 I=229.7 SM = 35.8
.37" plt 1= 266.6
Same Angle SM = 19.8 17.82 Oncd=1.995 SM = 35,6 - - Use 8.75 x 4.25
7.35 x 3.5 x .35 x .625 Flg Pit
x .55 L On 30" x I = 129.4 116.46 I *2 I = 232,9 SM = 35.6
.39 plt I = 269.7
SM = 29.5 25.65 Oncd=1.995 SM = 51.17 - - Use 10.75 x 5 x
9.2} x 3.5 x .39 .625 Flg Pit
x .59 L On 30" x I = 225.8 203.22 I *2 I = 406.44 SM = 51.4
.41™ Plt I = 462.1
Same Angle SM = 28.6 25.74 Qnca=1.995 | sM = 51,35 T - ~ |use 10.75 x 5 x
9.21 x 3.5 x .39 .625 Flg Plt
X .59 L On A3" x I = 228.9 206,01 I *2 I = 412,02 5M = 51.9
30" Pl1t T = 473,585

FIGURE E-1 (CONT.) - SCANTI TNG SUBSTITUTION - LONGITUDINAL STRIICTURE
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TRANSVERSE STRUCTURE

T

STE LINGS
STRUCTURE in2helf Co:vggixpn @ * Ts A oo ALUMINUM
A R STEEL [ALUM.
oconteo | conmen_ere) | ey |Alizg)  ScAvmuns
Bulkhead Plating .28 .25 Qncs = 1.533 . 386 - - Use .422
Bulkhead Plating .32 .288 Qncs = 1.533 442 - - Use .453
Bulkhead Plating .35 .315 Ones = 1.533 .483 - - Use .500
Bulkhead Plating .39 .351 Qnes = 1,533 .538 - - Use .562
Bulkhead Plating .41 . 369 Qncs = 1.533 .566 - - Use .594
Bulkhead Plating .45 405 Qnes = 1,533 .621 - - Use ,625
Bulkhead Plating .61 .549 Oncs = 1.533 .B42 .2 .49 1.33 Use 1.375
Bulkhead Plating .75 .675 Ones = 1,533 1.035 .2 .49 1.52 Use 1.50
Bulkhead Plating .57 .513 qus = 1,533 .786 - - Use .812
Bulkhead Plating .61 .549 Qnes = 1,533 .842 - - Use .875
Bulkhead Plating .75 .675 Oncs = 1.533 1,035 - - Use 1.125
Bulkhead Stiff. SM = 201.7 181.5 Ons = 1.238 SM = 224.73 - - Use 32 x 10 x
27.2 x 9.8 x .43 x .688 Flg Plt
.5 T On .45" x 27" I = 3489.0 3140.1 I*2 I = 6280.2 SM = 360.5
Plt I = 7088
27.2 x 7.1 x .43 x SM = 169.6 152.64 Ons = 1,238 SM = 188,97 - - 32 x 10 x .688
.5 T On .45" x 27 I *2 Flg Plt
Plt I = 3077.3 2769.6 I = 5539.2 SM = 324.5
I = 6113
19.7 x 10.6 x .39 x M = 135.7 122.13 Ons = 1,238 SM = 151.2 - - 24 x 10 x .625
.5 T On .45% x 27 I*2 Flg Plt
Plt I =1736.5 1562.85 I = 3125.7 SM = 225.8
I = 3497.0

FIGURE E-2 - SCANTLING SUBSTITUTIONS - TRANSVERSE STRUCTURE




TRANSVERSE STRUCTURE _(Cont'd)
STEEL SCANTLINGS
STRUCTURE (Inchest CONVERSI.ON (Q) * Ts ﬁgﬁ}%]:gl\q ALUMINUM
FACTOR STEEL | ALUM.
UNCOATED COATED (Ts) (o) (As) | As(4-Q) s%?gggelg)cs )
Bulkhead Stiff. (Contid)
15.8 x 3.9 x .51 SM = 71.6 64.44 Ons = 1,238 5M = 79.8 - - 19 x 9 x .5
x .71 L On .45" I %2 Flg Plt
x 27" Plt I = B20.1 738.1 I = 1476 SM = 126.8
I = 1659.7
SM = 21 18.9 Ons = 1.238 23.40 - - 9 x 6 x .51 |
7.9 x 3.5 x .35 x Flg Plt |
.55 L On .75" x I = 155.4 135.86 I*2 271.72 &M = 38.8
33" Plt I = 319.0
11.8 x 3.5 x .43 x SM = 40.8 36.72 Pns = 1.238 45.46 - - 13 x 9 x .5
.63 L On .57" x Flg P1lt
33 Plt I = 407.9 367.11 I * 2 734,22 SM = 80.0
I = 828.5
|
9.8 x 3.5 x .39 x SM = 29.4 26,46 Qns = 1,238 32.76 - - 11,5 » 6 x .5
.59 L On .57" x . Flg Plt
33" Plt I = 251.4 226.3 I *2 452.52 SM = 52.1
I = 506.2
7.9 x 3.5 x .35 x SM = 19.5 17.55 Ons = 1.238 21.73 - - 9 x 6 x .5
.55 L On .29" x Flg Plt
23" Plt I = 121.6 109.4 I*2 218,9 5M = 34.6
I = 220.9
5.9 x 3.5 x .35 x SM = 10.2 9.18 Ons = 1,238 11,37 - - 7Tx4x .5
.55 L. On 39" x 23" Flg P1lt
Plt 1= 51.2 46.08 I %2 92,16 SM = 19.4
I =111.1
Transverse Floor .57 .513 Oncs=1.533 .786 - - .812
Plating
Trans. Floor SM = 29.4 26.5 Pnes=1.533 40,56 - - SM = 46.88
Stiffeners I = 251.4 226.3 I *x2 452.5 I = 512.7

FIGURE E-2 (CONT.! - SCANTLING SUBSTITUTIONS - TRANSVERSE STRUCTURE
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TRANSVERSE STRUCTURE

STEEL SCANTLINGS
STRUCTURE Trn2fiesl cogvg:irpu (@ * s PPFRSEON ALUMINUM
A R STEEL [ALUM, SCANTLINGS
UNCOATED COATED (Ts) () (hAs) As {4-0) (Tnch

Lower Tankside SM = 289.8 260.8 gnes=1,533 399.8 - - 26 x 12 x .812
Girder I = 4487.8 4039.02 I *2 8078.04 x l.07
24 x 12 x .57 x .75 1 SM = 469.1

I = 9361.5
Bilge Turn Girder SM = 480.5 432,45 QOncs=1,533 662.9 - - 40 x 12 x .812
36 x 12 x .57 x I = 105,30 9477 I * 2 1895.4 1.0 T
275 T SM = 790.0

I = 2104.2
Upper Tankside SM = 189.1 170.2 Qnes=1,533 260.9 - - 26 x 12 x .625
Girder x .75 T
24 x 12 x .39 x I = 2675.0 2407.5 I *2 4815 SM = 327.3
5T I = 5411.7
Transv. Deck Girder SM = 208.1 187.3 Qncs = 1.533 287.11 - - 26 x 12 x ,625
24 x 12 x .32 x .5 L x .75 T

I = 3798.4 3418.6 I *2 6837.1 SM = 363.7

I = 7624.,1
Vert., Side Girder SM = 200.4 180.4 QPncs=1.533 276.5 - - 26 x 12 x .625
24 x 12 x .39 x .15 T
.5 * = 3301.2 2971.08 I*2 5942.16 SM = 347.6

I = 6593.8
Vert. Side Shell SM = 63.6 57.24 POnd = 1.412 80.8 - - 17.5 x 4 x .625
Stiffeners SM = 98.0
14 x 2 x 3.9 x .512 I = 706.3 635.7 I*2 1271.3 I = 1457.6
x .709

FIGURE. E-2 (CONT.) - SCANTLING SUBSTITUTIONS - TRANSVERSE STRUCTURE




6-4

DECK LONGE 10.B5x5.25% .28 FLG RT

.\ pDEck PLATING 1.875"
|.315 L L T |y T T T T
625 )

.LB1S” sad
0.8 SIDE LONGE

Qx 43,625 FLLRT

1 143 1 7171

§.15-4.5 ¥ 25
Fils BT

10,715 5> L25 Fle RT
SIDE SHELL

B .25
1.9 % 420,025 FL6 AT
K
L]
.18
B
INUMER RBOTTOM LONGE
. . -
RrGr C25 FLERT oo ar
( . . -
S s B Y P N P B D B P f2r10
. T e BRI | \ fo-
1,125 —» |_31;5 : .:au,'s llii .eglus E'é;"u}“
£ 1 1.1 11 111 1 Y
( 3 ] .
&ms' BOTTOM PLATING 375

BOTTOM LONGE 10.52570.625 FLG RT

FIGURE E-3 - ALUMINUM MIDSHIP SECTION
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VERIFICATION OF ALUMINUM DESIGN SUITABILITY

COMPATIBILITY AT STRUCTURAL COMPONENT INTERFACES

The aluminum components have the same configurations and stiffener spacings
as the steel components, so there is no problem with misalignment of stiffeners.
Some of the aluminum stiffeners are deeper than the steel stiffeners and have
wider flanges. These stiffeners were reviewed to be sure that the added depth
and width did not create physical interferences or close off needed access.

No such problems were found.

LONGLTUDINAL STRENGTH AND STIFFNESS

The longitudinal hull girder must meet the same criteria as other ship
stiffeners under dynamic loading. These criteria are:

I at Deck

I/y at Bottom

SM, = 0.9 (Q.) sM
A “d us
IA = 0,92 (2) Ius
SMA = Secticn modulus - aluminum
SMus = Section modulus - uncoated steel
IA = Moment of inertia - aluminum
Ius = Moment of inertia - uncoated steel
Qg = Dynamic conversion factor (= 1.995)
steel ship 67090 in?-ft
minimum for alum., ship = 120500 in2-ft
actual for alum. ship = 124700 inZ2-ft
steel ship = 89400 in?-ft
minimum for alum. ship = 160500 in%-ft
actual for alum. ship = 185700 in2-ft
steel ship = 2,113 * 108 in2-f¢2

3,803 * 10% in2-ft?2
3.954 * 10% in2-ft?

minimum for alum. ship
actual for alum. ship



ALUMINUM SHIP STRUCTURAL WEIGHTS

The steel ship structure was divided into major weight groups. The weight
of each group was multiplied by the appropriate (aluminum/steel) weight ratio
from Part III of the Data Bank, and the products summed to obtain the aluminum
ship structural weight.

Steel Alum/Steel . Aluminum
Ship Weight Ratio Ship Weight
Weight Group {Long Tons) {from Part {Long Tons)
III of Data
Bank}

Deck Plating & Longitudinals 750 .578 434
Side Shell Plating and
Longitudinals 850 .630 535
Inner Bottom Plating and
Longitudinals 800 779 623
Bottom Shell Plating and
Longitudinals 1050 .643 675
Tank Side Plating and
Longitudinals 560 .735 412
Bulkhead Plating and Framing 920 .573 527
Upper Transverse Web 120 .549 66
Lower Transverse Web 300 .483 145
Side Shell Stiffener 140 . 470 66
Deckhouse 130 .567* 74
Superstructure 120 .567* 68
Foundations 110 .567* 62
Welding and Riwveting 70Q .567% 490

Total 5920 .630 3727

* The average of the other ratios (negleéting those ratios that include abrastion).

E-12



Aluminum Ship

AR

P -
LoCA (ft)

LBP (ft)
Beam (ft)

Depth (ft)
Draft - Fnll Load
Light

Displacement
Full Load
Ballast

Light Ship Weight
Total Deadweight

Speed
Maximum
Full Load
Ballast

Power
Max imum
Full Load
Ballast

Number of Crew
Number of Passengers

Weight
Structure
Machinery
outfit
Ship Stores
Consumables
Crew and Effects
Pass. and Effects
Potable Water
Res. Feedwater
Ballast
Fuel
Cargo

Range

ALUMINUM SHIP

CHARACTERISTICS

= 632.833 feet

= 590.542 feet

= 88,583 feet

= 52.167 feet

= 35.75 feet

= 15,0 feet

= 44,750 long tons
= 19,571 long tons

= 5,474 long tons

= 39,276 long tons

= 17.4 knots
= 14.8 knots
= 16,2 knots
= 9,600 SHP

= 8,700 SHP

= 7,800 SHP

= 34

= Q0

3,727 long tons
720 leng tons
1,027 long tons
100 long tons
90 long tons

10 long tons

0 long toms

140 long tons
60 lcng tons

0 long tons
1,029 long tons
= 37,847 long tons

I n

nnonon

= 9,099 nautical miles

E-13



ALUMINUM SHIP CHARACTERISTICS (Cont'd)

Reserve Fuel Days = 2
Ruel Rate (#/SHP-Hr) = .397 #/SHP-hr
Consumables
Crew = 10 #/man-day
Passenger = 0

Potable Water

Crew = 800 #/man-day
Passengers = 0
Cargo Capacity of Steel Ship = 35,455 long tons



APPENDIX F

SAMPLE DESIGN OPTIMIZATION

CONTENTS
Design Optimization . . . . . . .
F-1 - Same Geometry Ship . .

F-2 — Same Capacity Ship .« ..

F-3 - Increased Capacity Ship .

Page No.



SAMPLE DESIGN OPTIMIZATION

A simple computer program was written to validate the formulas and flow
chart described in the section
to develop two alternate modifications to the aluminum ship design developed in

Appendix E.

"DESIGN OPTIMIZATION."

This program was used

Ship characteristics for the aluminum vessel of Appendix E (same geometry

as steel ship) were input.

ﬂ:|1 r'-n'l :|+nzq a2 new

ch4i A3l o
=1

"
aip

ILISW

Figure F1 tabulates those data.
alternate designs, the desired modified cargo capacity was input.

oy

characteristics accordingly.

Figures F2 and F3 tabulate these modified data
for a ship with the same cargo capacity as the steel ship, and a ship with the
cargo capacity increased 5% above that of the aluminum ship of Figure F1.

ALMINGM SHIP OPTIMIZATION
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SAMPLE ECONOMIC EVALUATION

This economic evaluation used the computer program GENEC, described in
Appendix A, to calculate RFR's for the steel ship and for the three aluminum
ships developed in Appendix F. Simplified numerical data were used for this
calculation, based primarily on Reference 4. More detailed data should be used
for a specific Material Trade-Off Study. The program has the capability of
accepting any additional data needed to suit conditions which occur in practice.

ECONOMTC ASSUMPTIONS

The discount rate is 9%.

Material scrap value escalates at 5%, and all costs escalate at 8% from

- A J—“-m-
ne ddie UJ. L.HC COICYdacCtT
The construction time for all ships is 30 months.

The ship life is 25 years for the steel vessel and 3C years for aluminum
vessels.

All ships will operate 360 days per year.

All ships will have 34-man crews.

Adeguate cargo will be available when needed.

RFR is calculated before taxes.

RFR is based on operating costs for the first five years of ship life.

VOYAGE INFORMATION

J.J.lt:.’ VUydgt J.b J...LUHI.
with return in hallast.

Cmmdd=T ~ 4+
cEATTLiEe Lo 10KOnaia

Ship will spend 1.5 days in each port and will consume 6 tons of fuel per
day in port,

SHIP INFORMATION

Steel ship information is tabulated in Appendix D.

Aluminum ship information (three designs) is tabulated in Appendix F.

COST INFORMATION

Fuel cost is $75 per long ton, escalated at 8% from the date of contract.



Acquisition Costs

Cost formulas are

given in Part III of the Data Bank.

Steel Ship| Same Same Increased
(Append.D)| Geometry Capacity Capacity
Alum. Ship | Alum. Ship | Alum. Ship
1. Structure 4,831,000 9,455,000 8,872,000 9,917,000
2. Construction
Waste Credit - 64,000 - 121,000 - 114,000 | - 123,000
3. Machinery 3,677,000 3,830,000 3,671,000 3,954,000
4. Cutfit 6,287,000 5,718,000 5,368,000 5,997,000
5. Design 2,345,000 2,814,000 2,814,000 2,814,000
Subtotal 17,076,000 21,696,000 20,611,000 | 22,559,000
6. Overhead (25%) 4,269,000; 5,424,000 5,153,000 5,640,000
Subtotal 21,345,000 27,120,000 25,764,000 | 28,192,000
7. Profit (10%) 2,135,000 2,712,000 2,576,000 2,820,000
Total 23,480,000{ 29,832,000 28,340,000 | 31,019,000
QOperating Costs
Cost formulas are given in Part III of the Data Bank.
Steel Ship | Same Same Increased
(Append.D} | Geometry Capacity Capacity
Alum. Ship | Alum, Ship Alum. Shi
1. Manning and
Subsistence 1,238,000 1,238,000 1,238,000 1,238,000
2. ©Shore Staff 80,000 80,0G0 80,000 80,000
3. H&M Insurance 176,000 219,000 208,000 227,000
4., P&I Insurance 70,000 70,000 70,000 70,000
5. Maintenance &
Repair 393,000 415,000 390,000 436,000
Total 1,957,000 2,022,000 1,986,000 2,051,000




Scrap Value

Steel Ship| Same Same Increased l
{(Append.D} | Geometry Capacity Capacity
Alum. Ship Alum. Ship | Alum. Ship | ‘ >
Scrap Value 530,000 2,421,000 2,272,000 2,539,000
COMPUTER RESULTS
Input and output for the four computer runs is shown in Figures Gl through

G4. The resulting RFR's are plotted against cargo deadweight in Figure G5.

The graph indicates that a larger aluminum ship would be more cost effective
than the steel ship, but a large aluminum ship cannot properly be compared
with a small steel one. This illustrates the problem of "optimizing" ship size
for merchant vessels that was discussed earlier in the section "DESIGN
OPTIMIZATION."
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10 “11-16-73"»

20 “SAMPLE CALC. - SLEMINUM SHIF™

S0 2291 sT+30,30.34,350, .

40 39276134037 s2004200:21 910299193,

S0 "IEATTLE"»

S0 1.%4230014 .36 037 .09~1375939~1s0s-1s3s
70 I OHAMAT »

Q0 1,5+423015.398,333,29047%43900-1»~123»
ag CATOUISITION COIT

100 2933200053091 y=1 930001231

116 "I0RAR VRLDTs

120 =2421000,5s0s1 2849001219330,

130 "OFERATING COIT" W ~

140 20220004200 als=j s 1220193212

SAMPLE CALC, = ALUMINUM SYIP
bRTS FILES DWGEEN
11-13-78

EMPENSES FOR YEMRS I THRU

€L INCOME 2355

PORT TOHS DELIV. $-T0H E3CAL.
PER YER® %
SERTTLE ¢ .67 3.00
TOKDHAMA 534043 .57 2.00
TO7AL 33405%
<LK EXPENTES >33 0> )
1Tem AVS AN, ESCAL. % OF
(31000> Y TATIL
FUEL AT TZATTLE 12545 8.00 16.%3
FUEL AT YOKOHAMA 0 2.00 .08
ACOUISITION COST 343280 2.00 45,20
SCRAF VALUE =33 T.00 -1,10
OPERATING COTT 2932 2.00 39.17
TOoTAL 7351

CALCIAATED RFP= #,685157 $-70M AT DATE IF COMTRACT

PRED .V,
CE1004v
2454n
24540

PPEC . VAL,
CE1000)
4023

0

11161
-2z
3552

24540

= AFTER DELIVERY USED IN THIS ANPLYIIS

DATA FILES IMGEN
11°1%,73

EXPEHZIES FOR YERPT 1 THRU S AFTER DELIVERY USSR IN THIS
SEATTLE
PAYVE IM PORT= 1.5

FUEL CONTYMEDE 9 TOME

Né%T LEG DF vOvAsE= 4380 MILES a7 (4.3 “MOTS

PSS AT ZER= 12,0435%
FUEL TONIUMED= 435.3233 TONS
CARGO-0FLCADED 0 T

~LANCED = 37TH30,53
FUEL ~LDADE [ ©14,1635 TOMNS
DEPARTIUIFE WEIBMTS

—
TUn:

CREM 3 STORFS= 20N TONS
ERESH WAFER = 200 TANS
BALLAST = t TaNs
SERVITE FUSL = 214 TOMT
REIERVE. FUEL = 41 ToNT
CRRS0 = 37¥31 TON:

TOTAL a  3IIPS TNG

NI LERIWE]GHT= 3BI?E TONT
YOKOHAMR
Dpays: IN PDRT= 1.%
FUEL CONSUMTD= 9 TONZT
NEAT LEG I wOYR:Ca 4220 MILES QT 16,9 YNITS
DAdS 4T 32A= 10.3%5227
FUEL CONITUMED= 390.33%2 TONS
CARGO~JFFLOANED = 37I30.3% TANS
- O04UEl = L 3
FUEL=-LOARDET= o ToNT
DEPARTURE NMEIGHTT

CEEW w STOVERs

200 YOHE

TRESH MRTEP = 204 TOME
BOLLATT = 12257 TOnE
TERYICE FUEL = 352 TONT
REZSERVE FUEL = 31 TONS
TARGA = 0 TOME

TATAL = 14097 TOMT

MAXIMUM DEATMEIGHT= 39276 TOMT

TOTAL. DAY 20UNHD TRIP= 25.40132
FAERIFE HIMETR OF TRICT PER YERF= 14,015

FIGURE G-2 ~ SAMPLE CALCULATION - ALUMINUM SHIP
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WIST DusEN

10 "11-56-78",

20 “SAMFLE CALD. - RLLMINUM SHID™,

30 E-Es1-9-30-30-34-3-.‘-0.

40 IO 187D 02009200934 v 1 02F 01 554

30 “SEATTLE™

60 1oSsda0, 14,816 33,20=117%18+-1 501135,
70 UYOioHAaMA",

30 1.5:4230016, 306024 ,250+7%32330,-1s~113s
A0 CRCOUTSITION COST .

1G0 3101900043005 19~1520s0751 43415

110 “SCOARP YRLUE",

120 CEERLULTRPY LIPS Y P Y TS IR 0=,

130 “IERPATING COST™,

140 203100053001 9=1:1250r1 53451

SAMPLE CALC, - PLUMINUM IHIP
DATS FILEt DUGEN
11-16-73

EXPEMIES FOR YEAFS 1 THRU 9 AFTER DELIVERY YIED IN THIS 9NALYSIEY

C{KCL INCOME X300

PORT TONS DELIV. $-TON E&CAL ., FRES , vAlL

PER YERF % (310000

TEATTLE 0 9.96 .00 f

YK OMAMA 407 34 9,46 3.00 23235

TOTAL 40734 2F235

{44 EXPENSES 202>

ITEN Ay, ame,. ES0SL, % = PRES.VAL. RFR
CELQOmMY €% TOTAL CELOODD Ch)
FUEL AT SERTTLE 1295 2,00 16.57 3225 1.3
FUEL AT YOedHAMS 1} 2.00 00 n .30
ACHTEITION COET k=) 2,080 4%.31 11305 4.33
ZCRAP YALUE -27 .00 -1.132 =235 -.11
OCERATING TO3T ] £.00 33.54 azan 255
ToTAL 7754 29339 .45

CALCULQTED +cRa 9.45440% $-TON AT DATE 0OF CINTRACT

DRTA FILE! DWGEN
11-16-73

EXPENTES FDR YEARS 1 THR) S AFTER DELIVERY

JEATTLE
DAYS IN FORT=s 1.9

FLEL CONSUMED= 3 TOHS

NERT LEG OF vO''AE= 4290 MILES AT 14.3 KNOTS

DaYi AT TER= 12,049%%
FUEL COMZI~ED= 450.2923 TONS
CARGH-IFFLBANZ D= o Tong
~LOSDED & 39320,22 TONS
FUsL -LORDED= 232,1904 TOMS
DEPARTIINS WE [GHTS
LPEL % STQREL= 200 TOMT
FRETH UWATER = 200 TONT
PALLAET - o TONT
IERVICE FiIJEL = 333 TOMT
PECIRVE FUEL = S TOMT
CARGO = F*FT1 TONS
TATAL = H1204 TONHT

MAXTMUM DEATMETIEHT= 41204 TOMT
YO OHAMA
DaYs IM =0FT= 1.5

FLEL COMILMED= @ TONT

HEXT LEG F YOVYARZa 4230 MILES AT 16.% WHOTS

LAYS AT SEA=
FLIEL, COMIMEDw
CARGD-NFFLOATED=

10,5%227
FE0.2T74 TONT
I8 .22 TOMS

=L ADED L] a T3NS

FUEL- DRIOCT= nTaOMS

DEPARTUSE W IGHTS
LREW 2. :TOPEZ= 200 TONS
FREIH WSTERP = 200 TONS
ERLLALT - 13344 TOMT
SERVICE FUTL = 370 TINS
RESERVI SUEL = T4 TONS
CARGT - 0 TOND

TOTAHL - 14732 TONS

MAXIMUM DEADWEIGHT= 41204 TOMS

TITAL BAYZ« FOUND TRIC= 2%.40132
QYZIFSI WIMEFR OF TRIFT PER YEAR=z 14,0619

FIGURE G-2 (CONT.) - SAMPLE CALCULATION - ALUMINUM SHIP
INCREASED CARGO CAPACITY

USED IN THIT ANALY
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SAMPLE NON-ECONOMIC EVALUATION

CONTENTS

Suitability for Intended Use .

Environmental Impact v e e s
Use of National Resources . .
Government Involvement .
Risk « . « ..



MATERIAL TRADE — OFF STUDY

EVALUATION OF NON — ECONOMIC FACTORS
BY _D.J. WOOLEY DATE ___8/25/73
‘,5 PESSIMISTIC MOST. PROB. OPFTIMISTIC
ATTRIBUTE & WTD. wWTD WwTD
< vaLue| val. vaLue| val |vaLue| vacr.
SUSCEPTABILITY TO DAMAGE —~ MECHANICAL o | -2 -2~ |~ |-t |-G
~ CHEMICAL G i~ | ~ei~ i~} |-G
— THERMAL b 174 1-24-3 /8| -3 1-/8
~ CORROSION G | +{ 146 1+) |46 |+2 |+12
POTENTIAL EFFECTS OF DAMAGE G L+ | #6141 4G 1 +2 |+12
AVAILABILITY OF REPAIR FACILITIES 5 |-¢ |-30{~5 |-258] -5 |-25
COMPATIBILITY WITH INTENDED CARGO 16 | -t |~ =t i—r0f O | —
COMPATIBILITY WiTH INTENDED OPERATING LOCATION ol ol —-lo | - o —
HYDRODYNAMIC CHARACTERISTICS 4 O | — o | — o | —
APPEARANCE 2 141 +21+3|+0 | +4|+8
TOTAL '
FACTOR RATINGS
RATINGS FOR THIS FACTOR = 2 WEIGHTED VALUES
103 WEIGHTS
FIGURE H-1 - SUITABILITY FOR INTENDED USE

H-2




BY D, WOO LY oate L S/25/78

‘,"\ PESSIMISTIC MOS5T. PROB. QPFTIMISTIC

ATTRIBUTE & WTD. WTO. TWTD
<« VALUE| VAL, IVALUE| VAL. [VALUE! VAL,
EFFECT ON LAND — DURING PRODUCTION OF RAW MATERIALS 510 - |r2 |«i0]+3 +i5
— DURING CONSTRUCTION/REPAIR/SCRAPPING 5 -3 O - O —

— DURING OPERATIONS [ oO|l—~ o]~ o~

EFFECT ON WATER— DURING PRODUCTION OF RAW MATERIALS 4 oO| — 10 |~ o | -

— DURING CONSTRUGTION/REPAIR/SCRAPPING 4 | O -] O] — | Ol —
— DURING OPERATIONS 5 0| — O |- o | —

EFFECT ON AR — DURING PRODUCTION OF RAW MATERIALS 2 O — |+2 |14 ]| +2 i+4
— DURING CONSTRUCTION/REPAIR/SCRAPPING 2 Ol — 10O |— T4 |+2

— DURING OPERATIONS 3 o - 1O |~ O |

EEFECT ON WILDLIFE — DURING PRODUCTION OF RAW MATERIALS ! O | —| O | ~ [+ |+

— DURING CONSTRUCTION/REPAIR/SCRAPPING i O — | O | - O | -

- DURING OPERATIONS 21O | —1 0| o —
EFFECT ON PEOPLE ~ DURING PRODUCTION OF RAW MATERIALS & 10 — el |+8 1t &8
— DURING CONSTRUCTION/REPAIR/SCRAPPING & Ol — 10 | — I+l +8

— DURING OPERATIONS oy 0 -y O — | Q@ 1i —

i
I
TOTAL +22}
FACTOR RATINGS O + 033

RATING FOR THIS FACTOR = & WEIGHTED VALUES
10 +2 WEIGHTS




MATERIAL TRADE — OFF STUDY
EVALUATION OF NON — ECONOMIC FACTORS

gy _D:3. WooLEY pATE _ &/25 /78

‘ & | PESSIMISTIC | MOST. PROB. | OPTIMISTIC
ATTRIBUTE Q’\G WTD. wTD. WTD,

+ VALUE| VAL. IVALUE] VAL, [VALUE| VAL.

MATERIALS o | -2 (-20| O - O —
ENERGY 10 -2 ("0l ~2 1-2p0 -1 1 -{D
MANPOWER — SKILLED 4 -4 -7 (-4 O -
— UNSKILLED 2 o — O | — |+ +2

PRODUCTION FACILITIES 4 | ~t|~4] 0| - 1 |+ 4
TRANSPORTATION FACILITIES { o — |4 [+1f Y€1 {41
BALANCE OF TRADE (IMPQORT/EXPORT) 4 s} — o | - Q| —

TOTAL

FACTOR RATINGS -.137 -066 | -,009

RATING FOR THIS FACTOR = 2 WEIGHTED VALUES
10 = WEIGHTS

FIGURE H-3 - USE OF NATIONAL RESOURCES




MATERIAL TRADE — OFF STUDY
EVALUATION OF NON — ECONOMIC FACTORS

BY _ 0. 3. WOOLEY DATE 8/25/78
Q',* PESSIMISTIC MOST, PRCB. OPTIMISTIC
ATTRIRDLITE () . o4

IR ,,\""\ TwrD. l wTO. wTD.

VALUE| VAL. |VALUE| VAL, VALUE| VAL,

DEVELOPMENT OF RULES/REGULATIONS ! o |- | -5 |-S 1 -% | -4

DEVELOPMENT OF INTERNATIONAL AGREEMENTS i O - 10O |'— o —
SUBSIDY — CONSTRUCTION /O o |- +l [+iol+2 [+20
— DPERATING 10 o | - O | — i€} IFIO
LOAN GUARANTEES 1o Ol = [+ +lOy+2 1420
INSURANCE (IF NOT AVAILABLE COMMERCIALLY) , {00 -~ O 1~ 1 K10

TOTAL 15

FACTOR RATINGS -014 |+,03¢6

WEIGHTED VALUES
10 » ZWEIGHTS

M

FIGURE H-4 - GOVERNMENT INVOLVEMENT




MATERIAL TRADE — OFF STUDY
EVALUATION OF NON — ECONOMIC FACTORS

BY D. 3. WOoOLEY DATE 8/25/78
ATTR|BUTE \o‘){\ PESSIMISTIC MOST. PROB, OPTIMISTIC
& vaLue VAL Ivacue| VAL lvalue VAL
TECHNICAL — UNFORESEEN PROBLEMS IN DESIGN G | -3 =g |~ || |6
— UNFORESEEN PROBLEMS IN CONSTRUCTION 10 | -4 [-40| -2 |-20 |-2 |-20
— UNFORESEEN PROBLEMS IN MAINTENANCE/REPAIR 8 -8 <6 | -2 |-i16|-2 |-ie
— UNFORESEEN PROBLEMS IN OPERATION 8 O -1 o - o -
FINANCIAL — CHANGES IN CONSTRUCTION COST ESTIMATES 10 | ~2 |=20| =2 |~20) “2 |=-20
— CHANGES IN MAINTENANCE/REPAIR COST ESTEMATES 8 -t |-8 =1 |[-8} O | —
— CHANGES IN OPERATING COST ESTIMATES 8 o - o | - o | —
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REGULATORY — UNFORESEEN CHANGES IN REQUIREMENTS 3 o | - e} -]l e |-
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MATERIAL TRADE-OFF STUDY

BY Dol ajav—éoa,‘, DATE __ B8/25/79
ECONOMIC FACTOR 8 /TON)
BASE SHIP RFR 9.440
NEW MATERIAL SHIP RFR 9.665
ECONOMIC WORTH -.225
MULTI PESSIMISTIC PROBABLE OPTIMISTIC
NON ~ ECONOMIC FACTORS BLER
RATING | §7TGN ||RATING | B7TGR) || RATING | Eoron:
SUITABILITY FOR INTENDED USE 85 ||-.11m | —072 || -.077 | -.050 || —.038 | —.025
ENVIRONMENTAL IMPACT 30 0 — |l +.033 | +010 || +058 | +.017
USE OF NATIONAL RESOURCES 01 1137 | —p01 |l —066 | ~001 || —009 2
GOVERNMENT INVOLVEMENT 50 ||—.014 | —007 || +036 | +018 || +.133 | +.067
RISK 70 |{-.147 | —103 ||—.096 | —.067 || —.081 | —.057
NON — ECONOMIC WORTH
TOTAL WORTH woRTH BA’%E:EH P
PESSIMISTIC EVALUATION 408 43
MOST PROBABLE EVALUATION _315 _33
OPTIMISTIC EVALUATION —273 ~24

FIGURE J-1 - FINAL EVALUATION OF SAME GEOMETRY ALUMINUM SHIP



MATERIAL TRADE-OFF STUDY

8Y I )M LL)(JU‘era, pATE ___E/25/7¢
ECONGMIC FACTOR s romy
BASE SHIP RFR 9.440
NEW MATERIAL SHIP RFR 9950
ECONOMIC WORTH -510
om g MULTI PESSIMISTIC PROBABLE OPTIMISTIC
NON — ECONOMIC FACTOR PLIER
GITON | 2 avtinG Horo lratina | W0 H RATING | B
SUITABILITY FOR INTENDED USE 6% — 411 | —072 || -077 | —.050 || —.038 | —.025
ENVIRONMENTAL iIMPACT 30 1] - +.033 | +010 +.058 | +.017
USE OF NATIONAL RESOURCES 01 -.137 | —-.001 {|-.066 | —.001 || —-.009 0
GOVERNMENT INVOLVEMENT 50 -014 | —007 i +.036 | +018 || +.133 | +.067
RISK a0 —-.147 | -.103 | -.096 | —.067 || —.081 | —.057
NON — ECONOMIC WORTH -.183
% OF
TOTALWORTH Woron BASE SHIP
PESSIMISTIC EVALUATION —-.693 -13
MOST PROBABLE EVALUATION —.600 -84
DPTIMISTIC EVALUATION -.508 54

FIGURE J-2 - FINAL EVALUATION OF SAME CAPACITY ALUMINUM SHIP




MATERIAL TRADE-OFF STUDY

oy Dol L ovlay oate 8/25/ 7¢

ECONOMIC FACTOR ($ /TON)

BASE SHIP RFR 9.440

NEW MATERIAL SHIP RFR 9464

ECONOMIC WORTH -.024

MULTI- PESSIMISTIC pR'SSRELE OPTIMISTIC

NON — ECONOMIC FACTORS T T
RATING [ WORTHE HraTing | BN || RATING WER

SUITABILITY FOR INTENDED USE .65 -111 | -072 || -.077 | -.050 || —.038 | -.025
ENVIRONMENTAL IMPACT 30 ] - +033 | +010 || +0D58 | +017

USE OF NATIONAL RESOURCES m -.137 | -.001 |{—.066 | —001 || —.009 0
GOVERNMENT INVOLVEMENT 50 —014 | 007 || +036 | +018 || +133 | +.067
RISK 10 -.147 | -.103 || —096 | -067 || —081! —087

NON — ECONOMIC WORTH

TOTALWORTH WORTH % OF

BASE SHIP
($/TON) 3E o

PESSIMISTIC EVALUATION -.207 -2.2

MOST PROBABLE EVALUATION -.114 -12
OPTIMISTIC EVALUATION —022 -0.2

FIGURE J-3 ~ FINAL EVALUATION OF INCREASED CAPACITY ALUMINUM SHIP
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