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SECTION I

INTRODUCTION

l. Background

The development and implementation of any successful salvage
strategy is contingent upon a proper evaluation of the situation
and a comprehensive knowledge of salvage methods and experience
in their use. Marine salvors must possess many skills including
a total understanding of and sensitivity to all of the applicable
engineering factors, the sea, and ships and their interaction
with one another in a salvage situation. As Admiral Sullivan
wrote thirty-five years ago, "Salvage is a branch of engineering,
and salvage work, if it is to be successful, should, like other
engineering work, be planned only when there is a complete ap-
preciation of all of the factors influencing it". 1/

Salvage engineering computations are a series of naval architec-
tural calculations that provide information required by a salvor
to develop an overall salvage strategy and to insure that at any
point in the physical implementation of that strategy, the ship
is not placed in a more hazardous situation from both the sta-
bility and structural integrity points of view. The justifiable
concern of society for environmental protection of the sea and
the contiguous shore areas has further amplified and compounded
the need for systematic salvage procedures.

The principles, methods and techniques of salvage engineering
calculations have long been available and are well known to ex-
perienced salvors. Some of the calculations tend to be long and
tedious; short-cut approximations have previously been acceptable.
These approximate techniques have evolved due to input data limita-
tions, computational aid limitations, and time limitations which
are classically imposed upon salvage personnel. However, with
today's larger and faster ships, a given percentage error may

no longer be hidden in the background.

1/ Sullivan, William A., "Marine Salvage,"

SNAME, Vol. 56, 1948.
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2. Overall Objective

The primary objective of this research project was to develop

the requirements for calculation aids or an analytical capability
for use in a salvage situation to overcome many of the input data
limitations typically facing salvage response personnel and the
limited computational capacity and time that they have histori-
cally been afforded.

This work effort is limited to stranding situations because these
incidents represent the largest portion of commercial salvage
work. 2/ Additionally, they represent a significant threat for
the discharge of large amounts of hazardous polluting substances
if the ship is not expeditiously and safely extracted from its
stranded position, or not properly stabilized when subjected to
the worsening forces of the elements in an exposed location.

This work is further limited to "time-critical" situations which,
if not resolved expeditiously, will deteriorate with and pose

an increasing risk to the safety of the crew, the ship, its cargo,
and the environment. Ships stranded at exposed locations require
immediate, expert, professional assistance because the vagaries
of the weather and the sea can quickly transform an apparently
benign stranding into an operational, financial, and ecological
catastrophe. Ships stranded in "sheltered" waters may require
equally urgent corrective measures due to actual or potential
threats to navigation, proximity of large population centers,

and public outcry. In such instances prompt and proper salvage
decisions and actions must be expeditiously undertaken if the
ship and its cargo are to be salved and the salvor must be pro-
vided with an improved means of analytical capability to conduct
his engineering assessment of the situation.

The notion of analytical capability means more than a computa-
tional device such as an electronic calculator. Specifically,
this capability includes the necessary analytical techniques
which: (1) are relatively easy to use; (2) are conducive to being
used on devices which are portable; (3) do not require detailed

2/ Although the terms, "grounding" and "stranding" are usually

T taken to be synonymous, a "grounding" is sometimes referred
to in the general context of a ship touching the bottom or
ground which may or may not result in the ship being subse-~
quently held there. The term, "stranding"”, on the other
hand, generally implies the ship making contact with the
bottom or ground and being held there or stranded. In any
case, the terms, "groundings" and "strandings", are used
interchangeably in this report and relate to the case of
a ship being affixed to the ground after touching the bot-
tom.
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data inputs; (4) provide the necessary data outputs in an expedi-
tious manner and in a readily comprehensible format; (5) do not
necessarily require an external source of power; and, (6) provide
sufficiently accurate results for salvage computations with limited
data availability.

The recently developed compact, modest cost, programmable com-
puters with self-contained power sources, including peripheral
devices such as printers and magnetic tape drives are portable
and utilitarian for a salv.ge situation. These programmable
computers, when programmed with the proper software, can provide
a salvor with greater on-scene computational capacity than he
has had previously and can eliminate the computational time limi-
tation which he may previously have faced. Thus, although other
computational devices and mechanisms were investigated within
this project, the emphasis for requirements is placed upon such
portable computers.

3. General Engineering Considerations in a Stranding

Ship survivability is the foremost consideration of a salvor as
he evolves and executes his salvage strategy. Indeed, it is the
very essence of his purpose. Ship survivability, in the context
of this work, means the maintenance or restoration of sufficient
ship structural strength and positive ship stability while the
ship is stranded, during the course of salvage operations to
refloat the ship, and after it is refloated; i.e., the stricken
ship must not capsize, sink, or suffer a massive structural fail-
ure during or after extraction. Maintaining or restoring struc-
tural strength and stability must be accomplished while the ship
is subjected to the ground force, to major changes in list, trim,
buoyancy, weight and weight distribution, to structural damage,
to flooding, to changing tides and to the dynamic forces of wind
and waves. Any successful salvage strategy requires at all times
a comprehensive understanding of the magnitude and distribution
of forces acting upon the ship.

In addition to ship survivability, a salvor has always considered
cargo salvage. Recently the implications of the discharge of

a hazardous polluting substance, either cargo or omboard consum-
able such as fuel o0il, have become prominent in the salvage stra-
tegy. The desire to salve cargo has also increased over the years
because cargo values frequently exceed the insured value of the
ships. Thus, the basic notion of ship survivability is really
one of ship and cargo survivability and the prevention or mini-
mization of the discharge of any hazardous polluting substances
from the stricken ship during the course of salvage operations.
Sometimes these requirements can be contravening compounding the
development and implementation of the salvage strategy. A quick-
response analytical capability would assist the salvor in demon-
strating a rational basis to his plan and would resolve differ-
ences among the various involved parties.




A stranded ship poses three broad areas of concern to a salvor.
They are: (1) the ability to remove the ship from the strand;
(2) the ship's stability; and, (3) the ship's structural strength.
As previously stated, the development of an effective salvage
strategy and the assurance of its successful implementation,
requires a comprehensive understanding of the engineering factors
associated with the stranded ship. Salvage engineering calcula-
tions to determine the ground reaction and measure the stability
and strength of the ship are generally approximations within
useable working limits of effectiveness. The primary reason for
this is that many of the controlling variables and ship charac-
teristics which are required as input data are often difficult

to measure or ascertain, or not available soon enough. These
difficulties arise primarily because of the inability to quantify
the situational factors such as underwater damage, tidal fluc-
tuations, and stranded ship drafts. Intact ship characteristics
which relate to stability and strength such as hydrostatic pro-
perties, centers of gravity, and structural adequacy likewise

may be unavailable within a reasonable period of time.

In the stranded condition the ship loses buoyancy equal to the
net loss of intact underwater volume. To salve the ship, this
lost buoyancy must be restored by one or more of the following
procedures:

e dragging the ship to deep water;

e removing the ground from beneath
the ship;

e removing weight from the ship;
e recovering that lost buoyancy; and,

e providing additional buoyancy.

Obviously, the calculation of the force required to pull the ship
off the ground and/or the amount of weight which is to be lightened,
requires an estimate of that lost buoyancy. It is also important

to determine the effective point of the center of grounding since
this often will become the pivotal point of the ship.
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When a ship runs aground and becomes stranded, the ground exerts
an upward force over that portxon of the ship's hull which is

in contact with the ground and is equal in maganitude to the lost
buoyancy. That ground pressure or its force equivalent in tons,
has the same effects on draft, list, trim, and stability as if

a weight equal in magnitude to the force of the ground pressure
were removed from the location of the effective point of contact
with the ground. 1In other words, there is an apparent or virtual
weight loss from the ship at its baseline. This weight loss re-
sults in a loss of draft and a change in trim. The ship will
also list if the effective ground force is located off the ship's
centerline. As the ship's draft, trim, and list become altered
and thus, its underwater volume, waterplane, and sections, its
hydrostatic properties will vary accordingly. 1In addition, the
virtual loss in weight at the lowest point in the ship creates

a virtual rise in the ship's center of gravity. However, if a
ship is stranded on a fairly flat bottom, there is little possi-
bility of its capsizing even with a falling tide. 3/

After the ship has been refloated, stability problems frequently
do arise and are more prevalent in ships that have: (1) experi-
enced partial flooding in connection with the stranding which

has not been corrected; (2) had extensive weight changes or move-
ments to attain the necessary attitude required by the refloating
operation; or, (3) a high position of the vertical center of
gravity (KG).

The loading distribution throughout the length of the ship, the
resultant shear forces and bending moments of the stranded ship,
changes to these shear forces and bending moments as weights are
added, removed, and shifted, and the reduction of the upwards
ground force during the extraction process are also aspects of
salvage engineering requiring consideration.

3/ For capsizing to occur, the ship would have to be stranded
on a bottom which afforded no restraint to heeling, as for
example, on a pinnacle or outcrop which was considerably
higher in elevation than the surrounding bottom and where
the ship can heel to its range of positive stability. There-
fore, it is unlikely that a stranded ship will capsize,
in the absence of other upsetting forces, unless its range
of positive stability is much less than usual. Unless im-
paled, the ship would slide from the point of contact when
the tangent of the angle between the bottom of the ship and
the horizontal exceeds the coefficient of static frictionm
between the ship's hull and the bottom upon which it is
stranded. Generally, this angle is less than the range of
positive stability.
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When a ship becomes stranded and neither suffers structural damage
nor is subjected to heavy bottom scouring action, it is unlikely
that the ship will suffer a major structural failure due to the
ground reaction by itself and/or any reasonable changes which

may be made in the loading distribution during the course of the
salvage operations. This is not to say that it is impossible

to develop potentially critical stresses which could cause a struc-
tural failure, especially in the larger ships. However, this

is not the reason why stranded ships sometimes break-up. Rather,
these break-ups are primarily attributable to the loss in stren-
gth as a result of original damage sustained in stranding or
additional damage from ship movements on the strand. The major
problem that the intact ship structure will encounter will occur
upon refloating and steps must be preplanned and quickly taken

to alleviate any unfavorable load distribution upon that refloating.

For the intact hull structure, computed shear forces and bending
moments can be compared to the maximum allowable values imposed

by the classification society for the particular ship. Thus,

as long as the actual shear forces and bending moments are main-
tained within those limits throughout the salvage operation, there
should be no concern for structural failure.

If the ship has suffered major structural damage during the course
of stranding, the problem is different. This difference stems
from uncertainties in the definition of damage and, in the case

of older ships, the actual material condition of the intact struc-
ture. Therefore, in the case of major structural damage, the
ability to quantify the strength of the ship is severely limited.

The creation of local stresses sufficient to cause additional
hull structural damage depends upon the magnitude of the ground
reaction force, its effective point of application, the resultant
weight distribution along the ship and the remaining buoyant
forces acting upon the stranded ship. A subsequent fall in the
tide will aggravate further the stress condition. The salvor
must consider these factors as he manipulates weights and takes
other actions to free the ship to avoid overstressing the ship's
hull and further aggravating its structural condition.

If the stranded ship is lightly aground and subjected to wave
action on a hard surface, ship movements can generate dynamic
bottoming stresses that can cause structural failure. In addi-
tion, the net effect of wave action on a lightly-stranded vessel
regardless of the tidal action is to work tpe ship further aground.
The impact of the wave crests against the s%des and stern of the
ship also tends to rotate the ship so that it may broach. ?ave
generated local currents can subsequently scour the supporting
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bottom material under the bow and stern while building up material
amidships, causing hogging stresses which ultimately can cause
structural failure. While it is not suggested that the forces
acting on a lightly aground ship and their impact upon hull stresses
are definable in a quantitative sense, this issue is raised to
demonstrate the need to quickly stabilize the ship in such a con-
dition. The action taken to stabilize the ship is quantifiable

and its impact must be evaluated by the salvor.

4. Organization of the Work Effort

In order to develop the requirements for analytical aids to sup-
port salvage response personnel in assessing a stranding situation
and understanding the ongoing salvage operation, the work effort
was organized into eight primary tasks.

The first task was a literature and data search on groundings,
strandings, and salvage. (See Appendix A.) TASK 2 formulated

a series of stranding scenarios based in part on that literature
and data search and was continuously refined as additional in-
formation and feedback was attained. (See Section II and Appendix
B.) TASK 3 identified and compiled information on and analyzed
the availability and utility of portable computational aids for
use by salvage response personnel. (See Section I1I and Appen-~-
dix C.) TASK 4 similarly identified and compiled information

on and analyzed the availability and capability of shipboard
loading calculators/computers for use in a stranding situation.
(See Section 1IV.)

The fifth task was a continuing dialogue with various marine sal-
vage organizations for their feedback to the first four tasks

as well as their inputs to TASKS 6 and 7. TASK 6 was an assess-
ment of data availability and for obvious reasons was conducted
early in the project. (See Section V.) TASK 7 was the develop-
ment of the various analytical techniques and represents the major
portion of the technical development of the project. (See Sec-
tion VI.)

The eighth task developed the requirements for the overall ana-
lytical process and includes an extensive set of algorithms for
future programming. (See Section VII and Appendix E.)

The final section of this report, Section VIII, contains the con-
clusions and recommendations for both near and long term Coast
Guard program goals.
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SECTION II

GROUNDING SCENARIOS

1. Background

The first objective of this particular task was to tabulate a
series of "typical" scenarios for groundings including, if pos-
sible, the information and resources available to the salvage
response team under various levels of time criticality, environ-
mental conditions, and other controlling factors. The second
objective was to use those scenarios to verify calculation needs;
i.e., what is to be analyzed in various grounding or stranding
situations so that a salvor may develop and implement a salvage
strategy?

Any salvage strategy which may be developed for a particular

. stranding situation is governed by a series of controlling fac-
. tors. These controlling factors may be broadly categorized into
E three subsets:

3

A

e environmental controlling factors which
are locstion and/or time sensitive;

e intact ship controlling factors which
vary with ship type, character, and con-
dition; and,

e stranded ship controlling factors which
vary with the character and extent of
the strand and if the ship is damaged,
the locations and extents of damage.

Environmental controlling factors include: the characteristics

of the bottom and slope; the depths of water under and around

the ship including the retraction path to deep water; the range
and frequency of tidal action; the direction, strength, and varia-
bility of winds and currents; the direction, height, length and
frequency of waves and swells; the proximity to the shore and
surf; underwater visibility; short and long term exposure to the
weather; and, others depending on special circumstances; e.g.,

sea ice, freezing weather, etc.

Intact ship controlling factors include: ship displacement,
draft, trim, and list before the stranding; the weight distribu-
tion and loading condition before the stranding; hydrostatic data;
stability data; reserve buoyancy; and, cargo and other variable
weights.
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Stranded ship controlling factors include: changes in drafts,
trim, and list due to the stranding; damage sustained in the
stranding as defined by local impact damage, impalement, location
and extent of flooding, location and extent of overall damage,
status of the propulsion and generating machinery, etc.; area

of the ship in contact with the ground; type of contact; i.e.,
uneven, pinnacle, coefficient of friction, etc.; potential for
additional damage during salvage refloating operations; and,
stranded damaged stability characteristics.

Various combinations of these controlling factors describe a
stranding situation as viewed from the salvage point of view.
However, in almost all salvage incidents, the measure of these
factors is largely dependent upon crew reports (which are fre-
quently inaccurate) or more often on-site surveys and the salvor's
ability to conduct those surveys; the availability and reliability
of environmental or site specific data sources such as tide and
current tables; the availability and reliability of ship informa-
tion (either onboard or ashore) including hydrostatics, stability,
loading, and structural data; and, the communication network be-
tween the site and shoreside sources of information.

2. Compilation of Scenarios

In compiling the various scenarios, the basic intent was to in-
clude variability in ship type, ship size, ship character, loca-
tion, and other controlling factors such as weather condition,
physical situation, etc., insofar as was reasonable and practical,
for strandings within U.S. waters. The initial compilation ema-
nated from actual incident reports. However, recognizing their
information limitations, the initial compilation was reviewed

and augmented where possible from individual narrative reports

and other documents from the Literature Search as well as from
professional marine salvors and salvage organizations.

At the outset of the compilation effort, it became apparent that
available data on stranding incidents were extremely limited in
a number of areas and especially in the case of the determina-~
tion of ground reaction.

Inherent in the description of any stranding situation is the
magnitude of the ground reaction. Depending upon the magnitude

of that ground reaction, all other factors being equal, the varia-
bility in a salvage strategy can range from the simple passage

of time to await a high tide condition to refloat the ship to

a combination of awaiting a high tide and the employment of some
modest tow forces, to a major lightering and extraction operation.
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It was both perplexing and surprising to find that most other-
wise complete salvage reports made available from all potential
sources provided insufficient data to permit a recapitulation

of the initial ground reaction. In fact, less than a dozen cases
(including naval ships and commercial ship incidents which oc-
curred outside U.S. waters) were found where that initial ground
reaction was either directly given or could be calculated.

While it was never envisioned that most or even a sufficient
sample of the U.S. incidents would provide or lend themselves

to estimating the ground reaction, it was felt that samples from
the world data would make it possible to estimate a given inci-
dent's ground reaction based upon typically known factors such
as the ship's speed and displacement at the time of stranding.
Unfortunately, the limited sample size did not permit such a
correlation in a statistically significant sense. The data did,
however, suggest that a relationship does exist between ground
reaction, the ship's displacement, its speed squared, and other
factors; i.e., the dissipation of the ship's kinetic energy.
Therefore, where it was otherwise not possible to extract the
initial ground reaction from incident data, those reactions were
calculated from that limited sample of good information.

For each scenario tabulated in Appendix B of this report, a ground
reaction is given. None are "actual"™ initial ground reactions.
One is deduced from taking the difference in drafts before and
after stranding and multiplying that difference by the product
of 12 inches per foot and an estimated TPI value for the ship.

In two of the tabulated cases, the ground reaction was estimated
from the incident reports which gave the amounts of weights which
were lightened from the ships and the estimated tidal conditions
at the times of stranding and the lightening operation. 4/

Grounding data for the purposes of ascertaining ground reaction
are extremely limited. Other shortcomings of those data include:
(1) the absence of any means to determine what ship characteristic
data (e.g., hydrostatics) might have been available at the time

of the incident; (2) the loading distribution on board the ship

4/ As a matter of note, before stranding drafts are very
difficult to ascertain after the fact and are rarely
recorded in any incident repo.ts. Sometimes, after
stranding drafts are not recorded within the incident
reports and often, the state of the tide at the time
of the strand is not verifiable.
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at the time of stranding; (3) the contour and constituency of

the bottom upon which the ship stranded; (4) the type and extent
of contact; (5) limited environmental information (e.g., currents,
underwater visibility, wave action, etc.); and, (6) the status

of the main machinery and power generation plants.

Nonetheless, the 25 grounding scenarios which are tabulated in
Appendix B illustrate the constraints within which a salvage
response team may have to operate from the physical situation
point of view. (A discussion of information availability is
contained in Section V.)

- 3. Discussion of Results

i The 25 scenarios contained in Appendix B were selected and derived

from actual incident data to provide variability among ship types
and character, ship sizes, location, and other factors such as
environmental conditions and extents of damage. Each of those
scenarios is subdivided into five major subsets and withim each
subset as follows:

e LOCATION OF CASUALTY
e® Port Area
ee Specific Site
e VESSEL CHARACTERISTICS
ee Type
ee Flag (U.S. or Foreign Flag)
e® Length
o Beam
ee Draft
ee TPI

ee MTI1

ee Displacement
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e VESSEL CONDITION
ee Load Condition
ee Direction of Transit (Inbound or Outbound)

ee Speed

ee Draft After Stranding

ee Ground Reaction

j e SITE CONDITIONS

= ee Tidal Range

ee Tidal Condition (at the time of stranding)
ee Wind (speed and direction)
ee Bottom Character,

The involved ships include four crude carriers (ranging in dis-
placement from 63,500 tons to 146,900 tons); four product tankers
(ranging in displacement from 42,000 tons to 61,700 tons); three
container ships (ranging in displacement from 23,400 tons t

37,200 tons); two RORO ships (with displacements of 26,000 and
33,600 tons); two barge carriers (with displacements of 33,400

and 56,800 tons); three general cargo ships (ranging in displace-
ment from 19,500 tons to 22,700 tons); two dry bulk carriers (with
displacements of 29,600 and 39,500 tons); three LNG carriers (with
cubic capacities ranging from 70,000 cubic meters to 125,000 cubic
meters); and, two OBOs (with displacements of 89,900 and 107,400
tons).

Their speeds at grounding vary from 2.5 to 20.0 knots and the
magnitudes of the ground reactions vary from approximately 1,600
tons to 10,000 tons. Their locations encompass port areas on
the Atlantic, Gulf, and Pacific coasts of the U.S. and Puerto
Rico, Alaska, and Hawaii.
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In five of those scenarios (the 136,900~ton crude carrier in Puget
Sound, the 42,000-ton tanker in San Diego, the 48,600-ton tanker
in Portland, Maine, the 63,500-ton tanker in the Lower Delaware,
and the 125,000-cubic meter LNG carrier in Boston), the initial
ground reaction, the tidal condition at grounding, and the range
of tides are such that the ship likely could be refloated on the
subsequent high tide condition. The remaining 20 scenarios would
require varying degrees of salvage assistance either in the form
of tow forces or lightering or both. None of them would appear
to be a potentially catastrophic situation. However, some would
require some special off-loading salvage assets; at least four
discharged oil on the water; and, all are potential pollution

k threats.
- 4. Calculation Needs In A Stranding Situation

As demonstrated by the previous subsection and Appendix B, the
circumstances of stranded ships are varied; accordingly, their
salvage can take many forms. Thus, when the controlling factors
uniquely applicable to a given stranding situation are measured
and applied correctly, they provide invaluable assistance to the
salvor in preparing an effective evaluation of the situation and
in developing an overall salvage strategy.

The results of salvage engineering calculations pertaining to
ground reaction, ship stability, and ship strength are generally
approximations since many of the controlling variables and ship
characteristics are difficult to measure, ascertain, or evaluate.
Because ship salvage calculations are rarely exact, they must

be tempered with judgement and a comprehensive understanding of
good salvage practice and seamanship. The salvor, in order to
develop an effective salvage strategy, must understand the dif-

S ferent forms of and controlling factors applicable to strandings.
. Among those controlling factors are:

e the character and slope of the bottom
under the vessel;

e the depth of water under and around
the vessel;

e the area of the vessel in contact with
the ground;

e the condition, character, and type of
vessel which is stranded;




e the vessel's draft and loading;

e the vessel's stability;

e the vessel's structural strength;

¢ the damaged sustained in stranding;

¢ the damage anticipated during the sal-
vage and refloating operation;

o the change in list and trim caused by
tne stranding;

e che vessel's position and attitude with
respect to the shore and surf;

e the range of tides;
e the presence or absence of swells;

e the prevailing wave, current and weather
conditions;

e the underwater visibility;

e¢ the period of time that is anticipated
for assistance to arrive on-scene and
the capability of those resources.

Therefore, the effective development and implementation of any
salvage strategy requires an understanding, careful measurement,
and assessment of all of the foregoing and in particular, their
interaction with and impact upon the magnitude and distribution
of forces acting on the ship.

A ship's stability in its normal, intact floating situation is
measured by all of the following:

e its initial stability or metacentric height;
e its range of stability;

¢ its maximum righting arm and the angle of
heel at which that occurs; and, ]

e its dynamic stability. "




Following a stranding, a deterioration in the ship's stability
can occur because of any or all of the following:

® the removal of weights from points low
in the ship;

o the addition of topside weights;

e the loss of reserve buoyancy due to weight
additions or loss of watertight boundaries;

e flooding;
@ free surface effects;
e free communication with the sea; and,

e list due to assymetrical flooding or
off-center weight changes.

When the ship initially runs aground, the ground reaction coupled
with any flooding and/or loss of cargo that occurs can impact
upon all of the foregoing except for the addition of topside
weights. During the course of the salvage process, various weights
may be removed from, added to, or shifted within the ship for
various reasons including lightening, trimming, heeling, dewvatering,
the addition of topside weights in the form of salvage gear, etc.
Although these factors are not apt to cause many difficulties

to the ordinary seagoing ship while it is stranded, they may cause
problems once the ship is refloated and subjected to t'.e forces

of a seaway or a towline. Therefore, it is essential that every
action taken to refloat the ship be well planned and its implica-
tion on the ship's trim, list and stability be understood before

any action is taken.

In addition to stability considerations, the salvor must always
consider the impact of any action he takes upon the loading dis-
tribution of the ship so that the residual structural strength

of the ship following stranding is not exceeded. If aground at
one end, sagging stresses are increased and conversely, if the
ship is aground on a ledge or pinnacle amidships, hogging stresses
are increased. Normally, if a ship becomes stranded without
incurring structural damage, the ground force alone will not
ordinarily create a stress condition sufficient to cause struc-
tural failure. (Exceptions to this are where a "lightly" stranded
ship is subjected to heavy wave action and is slammed against

the bottom by passing waves or is broached by waves on a sand

or gravel bottom and the bottom is subsequently scoured out at

the ship extremities leaving the ship in an aggravated condition
of hogging.)
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Structural considerations present two problems. First, altera-
tions to the loading of the ship must be made so that when the
ship is reflcated and subsequently subjected to the dynamic seaway
forces, the ship will not be subjected to excessive bending mo-
ments and stresses. Second, the impact of any structural damage
upon the hull girder's section modulus should be quantified.

In other words, it is one thing to generate weight, buoyancy,

and load curves for the intact ship's hull and it is another thing
to determine whether the resultant shear forces and bending mo-
ments are within the strength limits of the remaining structure;
i.e., stress intensity is compatible with the bending moment and
the residual section modulus after damage.

-16-
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SECTION III

PORTABLE COMPUTATIONAL AIDS

1. Background

The objective of TASK 3 was to identify, compile, and analyze
existing portable computational aids (i.e., portable computers)
and to determine their applicability for use by salvage response
personnel. Initially, two possible approaches to this analysis
were contemplated:

e that the anticipated input data, anticipated
techniques, and desired output could be struc-
tured to be compatible with existing portable
computer capabilities; or,

¢ that the analytical techniques useful for
salvage computations would dictate the re-
quired inputs and the possible outputs. In
this case, no prior consideration for the
limitation of existing portable computer
capability would be necessary and the hard-
ware would have to be configured to suit
the application, if possible, or new hard-
ware developed.

As work proceeded on this task, it became evident that the second
approach was clearly the path to be taken. Thus, the analytical
techniques and required types of input were developed.

The next step involved surveying the various portable computers
available and drawing some guidelines as to the minimum perfor-
mance capebility to suit the applications.

2. Overview of Portable Computers

The term "portable computer" generally refers to any computer
that may be carried by hand and placed, as a matter of perspec-
tive, under an airline seat. Thus, anything from a hand-held
programmable calculator to a unit the size of a portable sewing
. machine (weighing up to 34 pounds) may correctly be termed "port-
= able computer”. Generally, a portable non-hand-held computer
- provides more computing power, measured in random access memory
(RAM) and read only memory (ROM) than do hand-held computers,
, because portable computers are larger and have more memory capacity
- than the hand-held machines.
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There is a wide range of configurations among portable computers,
some of which offer complex system capability, including peri-
pherals such as modems, printers, disk drives, etc., all in an
extremely compact package. Some portable models feature self-
contained power supplies in the form of rechargable batteries.

As a general overview, almost all portable, non-hand-held com-
puters are equipped with a keyboard, varying amounts of user

3 available memory, some type of display, non-volatile storage

- (i.e., retains program or data even if computer is switched off,
either internally or externally) and operating system software.
} These are the only common features that all portable computers

E share.

Two of the major differences between systems are their volume
- of random access memory or RAM and the type of visual display
that they utilize for presentation. RAM is the volatile memory
available to the user, and is measured in kilobytes where each
kilobyte contains approximately 1000, eight bit bytes. (A byte
is the basic addressable unit of memory.) Portable computers
range in available RAM from as little as 1 kilobyte in some of
the hand-held models to as much as 704 kilobytes in some of the
more elaborate systems. Types of displays available include the
conventional Cathode Ray Tube (CRT) screen, the space and power
saving Liquid Crystal Display (LCD) display, and the new elec-
traluminescent display that provides a bright display similar
to that of a CRT without the bulkiness normally accompanying a
CRT screen.

3. Survey of Portable Computers

Appendix C contains a summary of existing portable computers,
including such items as manufacturers, memory size, additional
peripheral items the unit will accept, dimensions, weight, oper-
ating system, etc. The information gathered in the preparation
of this appendix came from a variety of sources including some
of the manufacturers of portable units, advertising material,
and technical articles from industry publications. It is com-
prehensive and it provides data on a significant segment of the
portable computer industry.

The Appendix is arranged in the form of a tabular summary. Each
make and model is listed separately and the following information
given:

-18-




IBM compatibility - i.e., does the computer
accepts software designed for IBM computer
systems;

Dimensions - approximate length, width and
height in inches, rounded to the nearest
inch}

Weight - approximate weight in either pounds
or ounces, to the nearest whole number;

Display size - the maximum number of columns
by the maximum number of rows, unless noted
otherwise;

Type of display - either CRT, LCD, or electra-
luminescent display;

Available memory (RAM) - maximum memory capacity
available with the unit whether integral or op-
tional;

Integral disk drive - the number and size of
any integral disk drive whether basic or op-
tional equipment;

Communication capability - the ability to com-
municate with other computers either through a
modem or an acoustic coupler;

llyes" or "nO";

Full-size keyboard - indicated by
Peripheral devices available - a list of
peripherals such as hard disk drives, printers,
plotters, modems, card readers, battery packs,
etc.;

Operating system - generally, the operating system
dictates what programs may run on the system.
Those machines that can run more than one oper-
ating system can provide a degree of flexibility,
but some operating systems are used more widely
than others, and consequently, have more applica-
tions software written for them.
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In acquiring hardware, application usually dictates the required
software, and that software dictates the required hardware. There
is obviously no pre-existing software to consider, but considera-
tion should be given to units with self-contained power supply
versus those that require an external power supply. Portable
computers that feature rechargeable battery packs would be oper-
able on board a stranded ship even if no electrical power were
available. Thus, the salvage master, enroute to the stranded
ship, would know that the computer would be able to operate.
Conversely, the selection of a portable computer without the
capability to operate with a self-contained power supply presup-
poses that there will be adequate power available aboard the
stranded ship, and that the power standard will be compatible
with the computer's requirement, which may or may not be a valid
assumption.

While it might appear initially that a self-contained power sup-
ply should be a requirement, given the salvage environment, the
decision is not necessarily clear~cut. Although the benefits

of battery operation are clear, there are also drawbacks. Gen-
erally, the size of available memory for battery operated models
is smaller; therefore, many models may have inadequate memory

to store the program and necessary data. Also, since there is

no way to predict exactly when a battery will fail, there is also
the possibility that a battery operated computer could lose power
in the midst of operation, a condition that results in the loss
of the program as well as the data.

In their normal mode of operation, some battery operated computers
trickle a very low current through the memory circuits which
retains the program or data in the memory, even when the computer
is switched off. However, if the power dies during operation,
everything stored is lost. 5/ Clearly this indicates the need

for some type of back-up, non-volatile storage (disk or cassette)
that must accompany the computer.

The range of cost for the spectrum of portable computers currently
available on the market ranges from one hundred to ten thousand
dollars. The effective range of cost for portable computers which
appear to be adequate for the salvage application is one thousand
to four thousand dollarsyif the various complex peripherals and
extremely complex units are not considered. For portable com-
puters with a self-contained source of power, the effective range
of cost is approximately one thousand to two thousand five-hundred
dollars.

5/ An exception to this is magnetic bubble memory which
provides short-term non-volatile storage.
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Aside from some personal preferences that have been developed

over the course of this investigation, no one portable system

or class of systems appears to have a significant advantage for
the applications developed in this study. Outside of a require-
ment for an adequate volume of volatile memory capacity for the
programs, any of the systems surveyed can adequately run the
application programs envisioned. Even those systems with limited
memory capacity could, with the addition of mass storage peri-
pherals, such as cassette players or disk drives, run the required
applications.

From the above discussion, it is apparent that the role of the
portable system requires some additional definition prior to
making system purchasing decisions. Characteristic of the ad-
ditional definition would include the following:

e need for operating without external power;
e sophistication of the operators;

e size and type of display and/or output
of the program; and,

e multiple use potential of the hardware.

Those definitions would focus the hardware search significantly,
but until that time it can be generally stated that most portable
computer systems would adequately handle the required application
programs.




SECTION 1V

L SHIPBOARD LOADING COMPUTERS

1. Background

; Traditionally, naval architects have endeavored to wmaintain al-
lowable hull stresses within permissable limits. These limits
are established from experience and empirical data, and are based
on the assumption that a fully loaded ship will experience the
maximum bending moment at or near amidships. Thus, for ships
carrying an evenly distributed cargo it was often sufficient to
simply know the bending moment amidships.

Because of newer and larger ship forms and with the greater di-
versification in cargo and cargo loading distribution, the ex-
pectation that the maximum bending moment will occur at or near
amidships is no longer valid. Moreover, it is impractical to
precalculate every potential loading condition when it is the
intermediate loading conditions which may give rise to the most
excessive stresses, even for the still water case. 6/

As an example, Table IV-1l gives the ratios of the maximum shear
forces and bending moments to the classification society imposed
maximuym allowable values and their location along the length of
the ship (relative to the forward perpendicular) for a VLCC in

) four different loading conditions for the still water case. For
N the two ballast conditions, two maximum to maximum allowable shear
force ratios are given., These represent two maximum shear force
values which occur in these conditions and which are equal in
absolute magnitude (i.e, tons) but whose signs are opposite and
whose ratios differ due to the variability in maximum allowable
shear force along the length of the ship. Table 1IV-1 also shows
that the maximum values for bending moment occur at various points
along the ship's length (i.e., not necessarily amidships) and
that the two ballast conditions produce a higher maximum bending
i moment than the full load condition produces. Therefore, where
non-homogeneous loading conditions are anticipated, or where ser-
vice conditions, significantly different from those for which

the scantlings were approved, may arise, common practice aboard
bulk carriers and on container and RORO ships is to provide a
computational device to determine the suitability of any loading
condition since hand calculations are not practicable.

6/ Various intermediate loading conditions can occur either
due to partial loads or during the course of loading or
discharging cargo.
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TABLE IV-1l: RATIOS OF MAXIMUM BENDING MOMENTS AND
SHEAR FORCES TO MAXIMUM ALLOWABLE VALUES
AND THEIR LOCATION FOR A VLCC a/ IN FOUR
LOADING CONDITIONS, STILL WATER CASE

MAX. B.M./ MAX. SHEAR/
LOADING MAX.- ALLOW. MAX. B.M. MAX. ALLOW, MAX. SHEAR
CONDITION B.M. b/ LOCATION SHEAR ¢/ LOCATION
FULL LOAD, 4/
HOMOGENEOUS
CARGO,
(& = 288,100) -0.557 0.544L -0.756 0.911L
BALLAST, e/
(a4 = 157,100) 0.918 0.633L -0.643 0.362L
0.720 0.810L
BALLAST, £/
(8 = 136,700) 0.642 0.684L 0.900 0.241L
-0.662 0.577L
DRYDOCKING, 9/
(4 = 50,200) 0.505 0.658L 0.500 0.911L

a/ VLCC WITH 5 SETS OF TANKS (CENTER AND PAIR OF WINGS PER SET);
NO. 2 WING TANKS ARE DEDICATED BALLAST TANKS.

b/ MAX. ALLOW. B.M. = 2,110,000 FT. TONS THROUGHOUT SHIP'S LENGTH.

©/ MAX. ALLOW. S.F. VARIES PROM 9,500 TONS AT BEGINNING OF CARGO
LENGTH TO 15,500 TONS AT AMIDSHIPS TO 11,700 TONS AT AFTER END
OF CARGO LENGTH.

d/ ALL CARGO TANKS FILLED; NO. 2 WING TANKS EMPTY.

e/ 8 = 0.545 A, , ; WING TANKS NOS. 1, 2, 3, AND 5 AND NO. 4
CENTER TANKS PILLED.

£/8 = 0.474 4, | ; CENTER TANKS NOS. 1, 3, AND 5 AND NO. 2
WING TANKS FILLED.

g/4 = 0.174 A!‘.L.’ CENTER TANKS NOS. 1 AND 3 PILLED.
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A number of types of these computational devices or loading com-
puters are available. 1In general, they provide a means of de-
termining the displacement, draft, and trim for a given distri-
bution of cargo, and the attendant bending moments and shear
forces at various locations along the length of the ship.

The primary objective of this task was to judge the capability

of these onboard devices for use in a stranding situation by
salvage response personnel. Achieving this objective necessitated
an understanding of these devices; their availability throughout
the world fleet; and their ability to accommodate the stranding
situation and, in particular, the ground reaction.

i 2. Typical Shipboard Devices

The term, "shipboard loading computer," includes calculators

- ranging from a relatively simple, off-line, dedicated, electro-
E mechanical device which will calculate a ship's displacement,

t drafts, and its shear forces and bending moments at various loca-
- tions along the ship's length to a multipurpose, non-dedicated,

8 on-line microprocessor which can continuously calculate, display,
and print all of the foregoing plus various intact and damaged
stability factors.

Between these two extremes are many variations. A shipboard
loading computer is a device which is preloaded with various ship
arrangement, hydrostatic data, light ship data, and classification
society imposed maximum allowable shear force and bending moment
values and the necessary software to compute the shear forces

and bending moments at amidships or at a number of predesignated
points along the ship's length for a given loading condition.
Ordinarily, the loading data is input in an off-line sense; that
is, the cargo and other deadweight item loads are input by the

~ Cargo Officer for each compartment. The output of such a basic
device is generally displacement, deadweight and drafts (forward,
amidships, and aft), and the shear forces and bending moments

as a percentage of the corresponding maximum allowable values.
Where a stability option is also included within the device, the
outputs typically include trim, list, transverse metacentric
height, vertical center of gravity, and free surface correction.

Basically, the computational device (without the stability option)
takes the following preloaded input data:

e light ship weight distribution;

® compartment longitudinal center of
gravity data;
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along with the user input weights of cargo and other

hydrostatic data;
section area/Bonjean's curves; and,

classification society maximum allow-
able shear force and bending moment
values for amidships or any other pre-
designated location along the length
of the ship,

items (by compartment) and calculates the following:
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total deadweight (the sum of all inputs);

total displacement (the sum of the light
ship weight plus all deadweight items);

the corresponding mean draft (from the hydro-
statics);

the longitudinal center of gravity (by taking
the sum of all the longitudinal moments and
dividing by the total displacement);

the forward and after drafts (by taking the
trim arm (the difference between the longi-
tudinal center of gravity and the longitudinal
center of buoyancy), and multiplying that
value by the displacement (i.e., the trimming
moment), dividing the trimming moment by the
moment to trim one inch to determine the trim
(in inches), and adding or subtracting that
trim, as appropriate, relative to the longi-~
tudinal center of flotation to determine the
forward and after drafts);

the total weight distribution (by adding the
deadweight to the light ship weight distribu-
tion along the length of the ship);

the buoyancy distribution for the trimmed ship
(from the section area/Bonjean's curves so that
the longitudinal centers of gravity and buoyancy
are equal);

the load distribution along the length of the
ship (i.e., the algebraic sum of the weight
and buoyancy distributions);

-25-
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e the shear force at amidships or any other
predesignated location along the length of
the ship (by integrating the load distribu-
tion);

e the bending moment at amidships or any other
predesignated location along the length of
the ship (by integrating the shear force dis-
tribution); and,

e dividing the various calculated shear forces and
bending moments by the classification society
maximum allowable values.

The outputs, as previously stated, are the deadweight, total
displacement, forward, amidships, and after drafts, and the shear
forces and bending moments as a percentage of the maximum allow-
able values.

Figure IV-1 is a flow diagram of such a basic, dedicated, off-
line, shipboard loading computer. Often, these devices are pro-
vided with some type of an alarm or "lock-out" mechanism to bring
the operator's attention to or physically preclude "illegal in-
puts” (e.g., exceeding a tank's capacity) and unacceptable results
such as stress numerals exceeding 100; i.e., the calculated maxi-
mum bending moment divided by the maximum allowable value is
greater than one.

As previously indicated, the variation in shipboard loading com-
puters is enormous. In addition to a basic intact stability
option which may or may not use fixed maximum values of the verti-
cal center of gravity and free surface moments (as opposed to
actual calculated values for any particular loading condition),
these devices can offer static stability, dynamic stability, and
damaged stability options. Some offer an on-line option where

a tank level gauging system is interconnected to the device for

a continuous admeasurement of load distribution, shear forces,
bending moments, and even sometimes, deflections; i.e., the double
integration of the bending moment distribution.

In addition to offering all capabilities of dedicated units,
the non-dedicated or multi-purpose varieties also offer options

such as multi-colored column diagrams, tank tables, cargo piping
diagrams and cargo loading and discharge programs (e.g., manifold
pressure, recommended pump discharge pressure, actual pump dis-
charge pressure, next pump speed change, next valve realignment,
etc.) plus options such as spare parts and inventory control,
survey records, voyage data analysis, planned maintenance and
repair, and almost any other operational or routine ship adminis-
tration task.

Y
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The hardware available for these devices, also varies in the sense
of input mechanisms, displays and hard copy as well as their
direct interaction with other systems. Some of these devices
offer mimic displays in conjunction with a keypad editor for
numeric entries; others offer a full keyboard with a prompting

CRT display. Outputs on the mimic display varieties are generally
LEDs and a paper tape hardcopy. Those which employ full keyboards
and a CRT generally give a full page CRT display as well as of-
ferring the option for a line printer for hard copy.

3. Loading Computer Availability

It is not possible to precisely quantify the availability of any
form of a loading computer on any given ship. Approximately 15
to 20 percent of the world's 35,000 seagoing ships currently have
some form of an onboard loading computational device.

0Of those 6,000 units, approximately two-thirds of them or 4,000
units are carried onboard liquid or bulk carriers with the ma-
jority of them being on liquid bulk carriers or tankers. Thus,
of the approximate 4,000 oil tankers of 2,000 GRT and greater
which sail the seas today, it is estimated that somewhere between
2,500 and 3,000 of them carry some form of a loading computer.

At present, the trend with the newer, larger, and more complex
ships is towards the provision of some form of loading computer
especially on tankers, dry bulk carriers, container ships, and
RORO ships. Moreover, various classification societies either
have required or are anticipating their mandatory fitting on
certain ships. For example, Bureau Veritas in their 1980 Rules,
Amendment No. 2, require the installation of an approved loading
calculator on all new construction after December 31, 1980, which
exceed 150 meters in length and which carry dry or liquid cargo
in bulk. They further require that similar existing ships be
likewise outfitted by December 31, 1982, Other classification
societies such as ABS, Lloyds, and det Norske Veritas are either
in the process of following or expected to follow the lead of
Bureau Veritas.

By the end of this decade, between the various classification
society requirements for mandatory fitting of loading computers
on the dry and liquid bulk carriers and the commercial trend to
provide them for the new, large ships, it is probably a fair as-
sumption to expect that somewhere in the vicinity of two fifths
to one half of the world's seagoing fleet will have some form

of an "approved" loading compute. installed onboard.
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4. Utility of Loading Computers in a Salvage Situation

In their present configuration, onboard loading computers cannot
be used directly in a stranding situation because their present
software configuration neither allows a "negative weight" input

to simulate the ground reaction nor necessarily permits a discrete
entry of the effective longitudinal point of application of that
weight. 7/

Another limitation of shipboard loading computers for use in a
salvage situation is the "lock~out" features which are placed
within the devices as safety measures. For example, many of these
devices will not accept an illegal entry such as overloading a
tank by weight although it is possible to do so volumetrically;
others will not permit further computation or output when a limit,
such as inadequate GM is calculated; and, most will not accom-
modate entries for the flooding of a space such as void spaces,
cofferdams, pumprooms, or the engineroom unless they are provided
with a so-called "damage control” option. There are similar limi-
tations depending upon owner preference and the individual loading
computer. Regardless of the particulars, all are intended to
avoid the misuse of the device and to bring the operator's at-~
tention to unsafe conditions. In the normal course of ship oper-
ations such features are noteworthy and desirable. However, in

a salvage situation these features may become impediments to the
utility of the loading computer as a computational aid to salvage
response personnel.

A potential impediment arises due to the variability in onboard
loading computers previously discussed and, in particular, the
ability of salvage response personnel to operate them. While
there is no suggestion that their complexity requires especially
trained operators for each device, even a relatively adaptable
person will require some time to become familiar with each dif-
ferent design and to acclimate himself to its operation. The
introduction of a foreign language even further complicates this
aspect if the crew has abandoned the ship or if there are no
English speaking personnel onboard who are conversant with the
loading computer's operation.

The last issue with respect to the utility on any onboard loading
computer in a salvage situation is one concerned with the desira-
bility of modifying existing software within onboard loading com-
puters to accommodate the stranding situation. Throughout the
course of this work, ship operators have emphasized that they

would not be in favor of such a capability on their onboard loading
computers. They feel very strongly that loading computers should
be used only for their intended purpose which is for the load
analysis of an intact ship.

17/ 1t is, however, theoretically possible to simulate the
ground reaction as "lost weight" and appropriately dis-
tributing it to opproximate its point of application
along the length of the ship.
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SECTION V

DATA AVAILABILITY

l, Background

The objective of this task was to assess the availability and
reliability of information concerning ship characteristics and
other data which are likely to be available to a salvage response
team in stranding situation such as those scenarios developed

in Section Il and tabulated in Appendix B. The ship character-
istics include the curves of form or other data describing the
hull form; weight distribution or loading data; other cargo in-
formation; capacity data; trim and stability information; and,
structural information.

2, Input Data Needs

In principle, the computational needs of a salvor are not very
different from those that naval architects routinely use in various
aspects of ship design and, to a lesser extent, those that ship-
board personnel use to ascertain various aspects of trim, sta-
bility, and strength. However, in practice, the salvor's needs
differ because he is not afforded the luxuries of time, personnel
and computational resources, and the detailed level of data in-
puts that the naval architect or the ship's officer has at his
disposal.

For example, in a stranding situation if the salvor were to be
provided with the ship's condition before and after stranding
(displacement, drafts, loading, etc.); the state of the tide at
the time of stranding; the characteristics of the bottom upon
which the ship strands; and other existing and projected emnviron-
mental controlling factors, along with:

o hydrostatic data for the trimmed and
heeled ship attitudes;

e Bonjean's curves of section areas;

e the light ship characteristics (i.e.,
centers of gravity and weight);

o the weights and centers of cargo and

other items of deadweight not included
in the light ship data;

-30~
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e compartment data (i.e., capacities,
ullages, innages, and centers);

. e pertinent structural data; and,
e extents of damage including flooding,

he could, given the time and resources, theoretically compute

the magnitude of the effective ground reaction, its effective
point of application, and assess the stability and structural
condition of the stranded ship. PFurthermore, he would be able

to assess the implications of various actions that might be taken
to extract the ship vis-a-vis the ship's stability and strength
as it remains stranded, during the extraction process, and after
it is returned to a free floating condition.

; 3. Data Availability In A Stranding Situation

g The availability of the necessary or desirable ship characteristic

data in any given situation can range over the spectrum from al-

most nothing to everything a salvor requires depending upon such

factors as the ship type, its characteristics, its age, its owner-

- ship, the number of times the ship has changed ownership over

. its life, etc. Insofar as other data are concerned, their availa-
bility will also vary greatly depending upon the particular stranding
site and in relation to proximity of shore and amount of traffic.

rRic]
N

It is, therefore, extremely difficult, to make any statements
concerning the expectation of data in a given situation. However,
the following comments may provide some insight to the issue of
data availability in a stranding situation:

e it is common to find that before stranding
drafts are not known and it is difficult
to extract those drafts from some "last
known" draft and/or displacement condi-
tionj

e generally, the initially reported, as
. stranded drafts of the stricken ship
N are not related to a tidal condition
and in any case, tend to be variously
inaccurate especially if there is any

kind of wave action present;
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in many instances, information concerning
the state and range of the tide is dif-
ficult to ascertain especially in a re-
mote area or certain offshore areas;

insofar as hydrostatic data and data
concerning the vertical center of gravity
the longitudinal center of gravity, the
metacentric height, etc. (which naval archi-
tects ordinarily expect to find within

a trim and stability booklet) and other
related information concerning capacities,
arrangements, and other compartment data

are concerned, these data will rarely, if
ever, be made available to the salvor prior
to his arrival on scene. Moreover, even
after his arrival onboard the stricken ship,
these data will not always be handed to him
in a neat, concise form and probably will
require prompting and probing by the salvor
to eventually attain them from any avail-
able source. Although one would expect

the ordinary seagoing ship to ultimately
produce some version of these data, there
have been isolated instances where such
data are not or cannot be made available

in any form in a timely fashion. Even

when the best of such data are made avail-
able to the salvor, he must be sensitive

to the limited applicability of the hydro-
statics data given to him when large trim
and heel attitudes are present since or-
dinarily, the available hydrostatics are

for normal operating conditions; i.e.,

even keel or moderate angles of trim. In
addition, the salvor must also exercise cau-
tion with respect to the applicability of
the other data made available to him which
may not reflect the impact of any signifi-
cant modifications made to the ship over

the years since the data was originally pro-
duced;

insofar as other intact stability (i.e.,
righting arms, righting moments, range of
stability, etc.) and damaged stability

data are concerned, it would probably only
be fair to expect the availability of such
data on very specialigzed ship types and not
ordinarily;
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e it is common, especially on non-bulk carriers,
to find limited weight and no buoyancy dis-
tribution data. Exceptions to this generali-
zation might be in the cases of the newer and
larger container and RORO ship types. This
type of data will be more likely to be avail-
able on ships carrying loading computers (as
described in Section IV) than on those ships
which do not carry such devices;

At aca. o o &

e the amount of flooding caused by the stranding
and subsequent structural damage and initially
reported by the ship will be sketchy, variously
inaccurate and probably not related to a state
of the tide (or at least not consistently), or
even entirely omitted;

e even after the arrival of a salvor on scene,
the reconstruction of initial actions taken
by shipboard personnel following the stranding;
i.e., weight removals, additions, or movements
is difficult;

e structural detail data will be available onboard
few ships. Even when it is available, it is or-
dinarily impractical for the salvor to employ;

)

e the extent of damage that a ship might sus-
tain in stranding may or may not be veri-
fiable depending upon its location, access
within the ship, underwater visibility, the
extent of the strand, and survey methods; and,

DN

® any data concerning the site or other physical
situations factors and in particular, the ground
condition and the retraction path, will not be
ordinarily made available to the salvor prior H
to his arrival on scene. Moreover, even after
his arrival on scene, his ability to acquire
such data will be, as previously indicated, ;
largely dependent upon the particular loca-
tion, time, the underwater visibility, and
the prevailing meterological and oceanograph-
ical conditions.

P S W

- & &
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However, if the stranded ship is owned or operated by a major
shipping company, if it is a newer and complex ship type, and

if it is a major maritime nation ship, one would tend to have

a higher expectation of the various ship characteristic data being
available.

Because a salvor might be afforded anything between no data and
complete data, he must be prepared to operate in the worst case;
i.e, little to no data. In addition and as previously stated,
there is inevitably the problem of the applicability or limita-
tions of that available data (which is ordinarily for "normal
operating conditions" of the intact ship) for use in salvage
situations where the conditions are anything but "normal" and
the ship may not be intact.

Information concerning the distribution of cargo and other dead-
weight items may be available or at least can be reasonably ap-
proximated, but other inputs such as the light ship weight dis-
tribution and buoyancy distributions are not generally available
except as previously noted. Only certain bulk cargo ships are
required to have loading manuals and they, in themselves, can
neither directly provide the data required nor accommodate the
special requirements for the stranded situation.

In summary, it may be said that a salvor will be fortunate to
have the information provided in a trim and stability booklet
such as hydrostatic and light ship data which, if available, he
may use with some caution. 1In addition, he probably will be
operating with extremely limited knowledge of weight and buoy-
ancy distributions for use in any assessment of the structural
situation.

-34-

e et et e e .'.;, LR A R et e e S T e e, O N SRR TP .'\-’*-'\'J
™ NI R RO . S IR AR AN - s
LS G R S S AL AL A Y CA L S AR T T RN AR, JUP LS I R RSP I A A I AP A" & Ay .’




A A MMM A b ph i et Ll i A A st 4 AL NN S RSAS et s |

- SECTION VI

ANALYTICAL TECHNIQUES

l. General

Given the fact that on-scene information availability and relia-
bility is sufficiently varied and may or may not be made avail-
able to the salvor in a timely fashion from any source, salvors
have historically relied upon various approximation methods,
consistent with computational aid limitations, to estimate the
magnitude and distribution of forces upon a stranded ship and

their implications on the ship's stability and strength. These
approximation methods or short-cut analytical techniques, have
evolved from hand calculations to the slide rule and nomographs

to portable electronic calculators with various degrees of program-
mable capacity. As stated earlier in this text, the arrival of
portable computers (such as those listed in Appendix C) has brought
the computational capacity to a high level and, in fact, the

method of analytical technique and accuracy of solution which

these devices can operate on is limited only by data availability
and/or by the time required to input those data.

. With the expectation of a large variance in data availability
- and reliability, this work effort has developed analytical tech-
- niques which are sufficiently accurate for salvage engineering

. needs with an absolute minimum of data requirements and input
., operations.

- The question then becomes at what minimum level of data input

: is there sufficient data for the salvor to conduct the necessary
= calculations on a portable computer consistent with his needs.
Obviously, the analytic technique and the data availability issues
are inseparable; i.e., the analytical technique is dependent upon
data availability. For example, many of the current generation
of portable computers, if furnished with all of the hull offsets,
the magnitude and point of application of the ground reaction,
the light ship data, cargo weights and distribution, compartment
data, extents of damage, etc., can rigorously and accurately
compute any and all stability information that a salvor might
need. The problem, of course, is the data availability and the
time to input that data in a contingency situation.
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Therefore, it became apparent at the outset of the work that the
only viable solution to accommodate the data variability was to
assume that little or no data were available in developing
analytical techniques that provide the necessary outputs for the
salvor. While this is certainly not a unique approach, the com-
putational capacity of the current generation of portable com-
puters affords more rigorous techniques to be employed than has
been previously possible with limited data input.

At first glance, the formidability of some of the equations con-
tained within the analytical process may appear awesome for use
. in a salvage situation. However, it should be understood that
p all of these equations are to be preprogrammed within the port-
L able computer and their individual and chained results calculated
ﬁE by the machine with only minimal inputs by the operator.

2. Stability Factors

Publications such as the ABS RECORD and LLOYD'S REGISTER OF SHIPPING,
provide at least the following bits of information with respect
to ship characteristics:

e length (overall and between perpendiculars);
e breadth (maximum and molded);
¢ depth (maximum and molded);
¢ maximum summer draft amidships;
} e normal sea speed at normal service draft;
e bunker capacity; and,

e deadweight of cargo, stores, fuel, passengers,
and crew carried by the ship when loaded to
its maximum summer draft.

They do not, however, give the corresponding full load displace-
ment, which by itself is needed and from which such factors as
block coefficient and light ship weight can be derived. There-
fore, in the absence of the displacement and other curves of form,
the salvor is required to calculate, as a starting point, the

full load displacement. This, in turn, requires an estimate of
the block coefficient (Cb). In addition, the waterplane (Cw)

and prismatic (Cp) coefficients are required to estimate the
vertical center of buoyancy (KB), the metacentric radius (BM),

the tons per inch immersion (TPI), the moment to change trim one
inch (MT1l), and the longitudinal center of buoyancy (LCB) or those
elements of data which would be available within the hydrostatic
properties for the full load condition.




For years naval architects have, in the conceptual and prelim-
inary design phases of a ship, estimated block coefficieant as

a function of the speed-length ratio (V/YL) or the Froude num-

ber (v//gL). Those equations for block coefficient have basically
been regression lines derived from actual ship data and are as
follows:

(1) ¢b = 1.15 - 0.629 * (V/YL) by Troost g/;
(2) ¢Cb = 1.05 - 0.5 * (V//L) by Alexander §/;

(3) ¢b = 1.137 - 0.6 * (V//L) by van Lammeren Q/;

Y v
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(4) Cb = 1,22 - 0.709 * (V/Y/L) by Minorsky Q/;

(5) ¢b = 1.0 - (0.375 * (B/L + 1) * (V//L)) by Telfer 2/;

—r I

and;

(6) Cb 0.65 + 0.95 (V/V/L) - 1.2 * (V/VL)? by sabit &/,

It can be seen from these equations that the dependent variable,
Cb, is a linear function of the independent variable, V/yYL, ex-
cept in the case of equation (5) which also varies Cb for a given
V//L by the beam to length ratio (B/L) and in the case of equation
(6) which employs a second order equation. During the course

of this work effort, a large number of ships, including the more
modern types, were analyzed by conducting a regression analysis

of Cb versus V//L with a wide spectrum of ship types and ship

age. From that analysis, the following relationship was developed:

(7) ¢cb = 1.10736 - 0.550401 * (V//L);
with a correlation of 0.9202. After applying this equation to
various ship types it became apparent that the resultant variance
was a function of ship type and the equation was refined to be:
(8) ¢cb = f * (1,10736 - 0.550401 * (v//L)), where
f = 1.08 for a bulk carrier;
= 1,06 for an LPG carrier;

= 1,04 for an LNG carrier;

= 1.03 for an O0BO;

8/ Arkenbaut, S. et al, The Design of Merchant Ships,
H, Stam, Culemborj, The Netherlands, 2nd ed., 1959.
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= 1.03 for a lumber ship;

= 1.025 for a product tanker/
chemical carrier;

= 1.01 for a crude carrier;

= 1.00 for a break bulk cargo ship;

= 0,98 for a cargo liner;

= 0.97 for a container ship;

= 0.95 for a RORO ship; and,

= 0.89 for a barge carrier.
Ideally, it would be preferable to have unique regression lines
for ecach ship type but there were insufficient data available
within all of the ship type categories to permit this. Accordingly,
the "f" coefficient was employed.
Appendix D gives a sampling of various ship types and ship sizes
and their actual block coefficients as compared to the values
of Cb calculated by equations (1) to (6) and (8). It would appear
that equation (8) tends to give better results than the others
for two reasons. First, equation (8) is a more updated version
containing the newer ship types and larger ships. Second, equa-

tion (8) contains a variable for ship type to which Cb is related.

From Cb, linear regression lines were developed for the waterplane
(Cw) and prismatic (Cp) coefficients as follows:

(9) Cw = 0.360 + 0.702 * (Cb) for a barge carrier;

(10) Cw = 0.325 + 0.702 * (Cb) for a container ship;

(11) Cw = 0.336 + 0.702 * (Cb) for a RORO ship;

(12) Cw = 0.306 + 0.702 * (Cb) for all other ship types;
and,

(13) Cp = 0.917 * (Cb) + 0.073
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with correlations of 0.9541 and 0.9959 for equations (12) and

(13) respectively with some variation in Cw for three particular
ship types; i.e., barge carriers, container ships, and RORO ships
whose waterplanes relative to their block coefficient are somewhat
larger that the remainder of all ship types.

With these three coefficients of form, it is then possible to
estimate the center of buoyancy (KB) from Posdunine's equation
where,

(14) KB = (Cw/(Cb + Cw)) * dm ;
where dm is the ship's mean draftc.

By knowing KB, the transverse height of the metacenter (KM) is
calculated by

(15) KM = KB + BM

and,

(16) BM = IT/V

LN

where I, is the transverse moment of inertia. Ip for shipshapes
in general, may be expressed as
3
* *
(17) 1, = L * B Co.
In equation (17), C,. is the transverse inertia coefficient and
is a function of the waterplane or Cw. CT can be expressed as:

rVrvvvwr
A PR

(18) C,r = 0.125 * Cw - 0.045.

By substituting equation (18) in equation (17) and then substi-
tuting this result in equation (16) with the appropriate expres-
sion for ¥ (the volumetric displacement),

3

(19) BM = (L * B” * (0.125 * Cw - 0.045))/(L * B * dm * Cb),

or

(20) BM = (B2

* (0.125 * Cw - 0.045))/(dm * Cb).
Equation (15) then becomes,

(21) KM = (Cw/(Cb + Cw)) * dm + (B2 * (0.125 * Cw ~ 0.045)).

(dm * Cb)

b
]
|
3




Having an estimated value for Cw, permits a direct calculation
of TPI where,

(22) TPI = (L * B * Cw)/420.

A calculation of MT]l is somewhat more complex. The standard de-
finition of MT1l is

(23) MT1 = (A * GML)/(12 * L),

where A is the displacement and GML is the longitudinal metacenter.
Noting that GML may be approximated by BML (or the longitudinal
metacentric radius which implies that the vertical centers of
buoyancy and gravity are equal) then equation (23) may be rewritten
as

(24) MT1 = (A * BML)/(12 * L).
The BML, in turn, may be calculated by,
(25) BML = 1I,/9,

where I, is the longitudinal moment of inertia. I, for shipshapes,
in general, is,

= 3*
(26) I B * L Lo

and C, is the longitudinal inertia coefficient and is a function
of the waterplane area or Cw and may be expressed as

(27) ¢ = 0.143 * Cw - 0.0659.

L
Therefore,

(28) 1, = B * L> % (0.143 * Cv - 0.0659)
and,

(29) BML = (B * L3 % (0.143 * Cw - 0.0659))/¥.
Since,

(30) V = I * B * dm * Cb,
then,
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(31) BML = (B * L * (0.143 * Cw - 0.0659))/(L * B * dm * Cb),

and
(32) BML = (L% * (0.143 * Cw - 0.0659))/(dm * Cb).

By substitution of equation (32) in equation (24),

2

(33) MT1 = (A * L2 % (0.143 * Cw - 0.0659))/(dm * Cb * 12 % L);°

and, since A is equal to the volumetric displacement (V) divided
by 35,

then,

(34) MT1 = (B * L% * (0.143 * Cw - 0.0659))/420.
The longitudinal center of buoyancy may be approximated as
(35) LCB = L (0.5 - (0,175 * Cp - 0.125)).
The only other full load hydrostatic property which remains is
the longitudinal center of flotation or LCF. Equations for LCF
as a function of length and speed were developed from actual ship
data as follows:
(36) LCF = 0.5 * L * (V/160 + 0.914) for tankers;
(37) LCF = 0.485 * L * (V/100 + 0.9) for bulk carriers;

(38) LCF = 0.5 * L * (V/135 + 0.924) for single crew
cargo ships;

(39) LCF = 0.5 * L (0.95/V + 1.03) for twin screw
cargo ships with transom sterns; and,

(0.5 * (V/135 + 0.924) + 0.23) * L for
twin screw cargo ships with cruiser sterns.

(40) LCF

In looking at equations (36) to (40) for LCF, one might fairly
ask for further variations by ship type, number of screws, and
stern configuration. Unfortunately, data and time limitations
did not permit additional subsets to be developed.

_[.1_
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At this point, a recapitulation is in order. From very basic

ship characteristic parameters, it has been possible to deter-
mine A, KM, TPI, MTl, LCB, and LCF for the full load condition.
These hydrostatic properties have been developed from only limited
data inputs of length between perpendiculars (LBP); molded beam
(B); summer full load draft (dm); and, corresponding service speed
(V) with some variations by ship type and insuring that the three
coefficients of form employed (Cb, Cw, and Cp) are compatible

with one another by making Cw and Cp dependent upon Cb. In ad-
dition, by adding the total deadweight as an input, one also knows
light ship weight; i.e., the difference between full load displace-
ment and total deadweight. The two questions that now become
apparert are: (1) how good are the results; and, (2) what purpose
do they serve in the absence of KG and LCG values insofar as the
the stability picture is concerned?

The first question concerning results will be discussed later

in the text. The second question is the same one that all naval
architects are faced with in the early stages of a ship design
in the absence of detailed weight estimates.

To overcome this dilemma, actual ship data were compiled on the
metacentric height (GM) for the full load departure condition
(corrected for any free surface) by ship type and then correlating
those data to either the beam to depth ratio (B/D) or the beam,
whichever gave better estimates. The results of this process

are as follows:

(41) GM

2.816 * (B/D) - 1.88 for cargo liners and
container ships;

(42) GM = 15.86 * (B/D) - 19.62 for tankers in general;
(43) GM = 0.714 * (B/D) + 2.2 for cargo ships in general;
(44) GM = 0.055 * B for barge carriers and RORO ships;
(45) GM = 0.065 * B for bulk carriers; and,

(46) GM = 0.075 * B for OBOs.

As might be suspected, the values for GM in the cases of some

of the very specialized ships such as the barge carriers and RORO
ships in particular, and to a lesser degree, for bulk carriers
and 0BOs, are somewhat tentative simply due to their relatively
small population in the world fleet. Also, ships such as gas
(LNG and LPG) carriers are so small in sample size and varied

for particular cargoes that it was not possible to present any
results relative to their GM. Ia any case, the simple combina-
tion of GM from equation (41) to (46) with the KM from equation
(15) gives a good approximation of KG.

_42_
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The similar estimate for LCG (full load) requires an additional
bit of input and this is the ordinary trim at the full load de-
parture condition. By multiplying the trim (in inches) by MTI1,
the trlmmlng moment is obtained and the trimming moment d1v1ded
by A gives the trimming arm; or,

(47) Trim * MT1 = Trimming Moment; and,
(48) Trimming Moment/A = Trim Arm.

The trimming arm added to or subtracted from the LCB (depending
upon the attitude of the trim) gives the LCG; or

(49) LCB % Trim Arm = LCG

Results of the application of all of the foregoing relative to
the trim and stability of the ship at the full load departure
condition are given for three actual ships on Tables VI-1, ~2,
and -3. The three sample ships are a partial container-cargo
liner, a container ship, and a product tanker. They do not neces-
sarily provide the least errors and, in fact, have been selected
to show some of the larger variances. Each of these three tables
gives the basic ship characteristics as extracted from LLOYD'S
REGISTER OF SHIPPING (with the exception of trim) and the esti-
mated coefficients of form (Cb, Cw, and Cp), hydrostatic proper-
ties, and LCG, GM, and KG, versus the actual corresponding values
for each of the three examples. These examples show that the
estimated KM's are, on the average, less than one percent in error
from the actual values with a maximum variance of approximately
three percent. TPI's vary, on the average, by three percent

with a maximum variance of five and a half percent. MT1l's vary,
on the average, by about eight percent with a maximum variance

of 13.4 percent. Salvors, with careful work, can predict mean
afloat drafts to within one or two percent for undamaged ships.
The error in trim for the same cases can be on the order of 10

to 15 percent. This phenomenon is believed to be due to the in-
accuracies inherent in using the ship's published MT1l data in
cases of large trim plus the compounding error in estimating
trimming moments. It is therefore submitted that the maximum
variance of 13.4 percent in predicted MT]l noted above is of little
concern since the "actual” figure may be far from the mark in

a real salvage scenario. In the case of these three random ex-
amples, it should be noted that the partial container-cargo liner
is a hull form that is underpowered. That is, the ship was ori-
ginally designed for a higher speed (approximately 22 knots) but
was ultimately powered for a 20-knot speed. This peculiar situ-
ation results in a estimation error of approximately 0.04 to 0.05
for the block and waterplane coefficients which in turn creates
the rather high variance in the estimation of MT1l. However, it
is a good example to demonstrate the sensitivity of the MT1 es-
timation to Cb and Cw. It is equally important to note that all
of the other properties for this ship are rather well correlated.
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Coefficients

Hydrostatic
Properties

KM

TPI

MT1

LCB From FP
LCF From FP

Stability
LCG From FP

GM (F.L.— CORR)

KG

8/ For full load departure condition

Table VI-1

Partial Container Cargo Liner
Characteristic Comparison a/

L = 534 Ft.
B = 81.33 Ft.
D = 45.25 Ft.
dm = 30.64 Ft.
\") = 20 Kts

OWT = 12,900 Tons
Trim = 15.7 in. Aft

Estimated Actual
0.618 0.566
0.740 0.701
0.600 0.590

Estimated Actual

33.27 Fr. 33.28 Fr.

76.50 Tons 72.50 Tons

2200 Ft. Tons 1940 Ft. Tons

274.00 Ft. 268.00 Ft.

286.20 Ft. 286.50 Ft.

275.50 Ft. 269.00 Ft.
3.18 Ft. 3.30 Ft.

30.09 Ft. 29.60 Ft.
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Difference

+0.063
+0.039
+0.060

Difference

-0.01 Ft.
+4.00 Tons
+260 Ft. Tons
+6.00 Ft.
-0.30 Ft.

+6.50 Ft.
-0.12 Ft.
+0.49 Ft.
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Table VI-2
Container Ship Characteristic Comparison a/

L =681 Ft.

8 =78 Ft.

D = 54.50 Ft.
dm =29.65 Ft.
1" = 20.10 Kts

DWT = 14,600 Tons
Trim =22.70 In. Aft

Coefficients Estimated Actual Difference
: Co 0.635 0.628 +0.007
- Cw 0.752 0.749 +0.003
. Cp 0.656 0.644 +0.012
. Hydrostatic
3 Properties Estimated Actual Difference
N KM 31.89 Ft. 32.84 Ft. -0.95 Ft.
TPI 81.10 Ft. 81.10 Tons 0
MT1 2611 Fr. Tons 2750 Ft. Tons -139 Ft. Tons
LCB From FP 296.50 Ft. 300.60 Ft. - 4.10 Ft.
LCF From FP 311.70 Ft. 318.70 Ft. -7.00 Ft.
Stability 1
LCG From FP 300.10 Ft. 304.30 Ft. -4.20 Ft. ]
GM (F.L. —~ CORR] 2.15 Ft. 1.71 Ft. +0.44 Ft.
KG 29.74 F1. 30.20 Ft. ~0.46 Ft.

8/ For full load departure condition
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Table VI-3
Product Tanker Characteristic Comparison 8/

L = 706 Ft.
8 = 102 Ft.
D = 50 Ft.
dm = 38.50 Ft.
\") = 16 Kts

DWT =50,800 Tons
Trim =25 In. Aft

Coefficients Estimated Actual
Cp 0.795 0.768
Cw 0.864 0.835
Cp 0.801 0.780
Hydrostatic
Properties Estimated Actual
KM 41.47 Ft. 41.20 Ft.
TPI 148 Tons 143 Tons
MT1 6962 Ft. Tons 6650 Ft. Tons
LCB From FP 341.80 Ft. 340.90 Ft.
LCF From FP 357.40 Ft. 356.10 Ft.
Stability
LCG From FP 344.60 Ft. 343.60 Ft.
GM (F.L.— CORR) 12.73 Ft. 12.50 Ft.
KG 28.74 Ft. 28.00 Ft.

a/ For full load departure condition
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Difference

+0.027
+0.029
+0.021

Difference

+0.27 Ft.
+5 Tons
+412 Ft. Tons
+0.90 Ft.
+1.30 Ft.

+1.00 Ft.
+0.23 Ft.
+0.74 Ft.
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To continue, the LCB's vary, on the average, by approximately

one percent with a maximum variance of 2.2 percent. The LCF's
vary, on the average, by less than one percent, with a maximum
variance of 2.2 percent.

Insofar as the LCG, GM, and KG are concerned, the LCG's vary on
the average, by approximately 1.4 percent with a maximum vari-
ance of 2.4 percent. GM's vary, in absolute units, by no more
than one half of a foot or about one quarter of a foot on the
average and KG's vary by less than a foot.

Viewing these results in the proper perspective of their intended
use is extremely important., As stated earlier, salvage calcula-
tions tend to approximations with useable working limits of ef-
fectiveness and any basic calculations made by a salvor, at least
in the initial stages of his assessment of the situation and his
development of an overall strategy, are based upon information
which is within a 20 percent range of the actual (but unknown)
values. The results attained from this work are well within those
limits in each case and, except for some very specialized ship
types or non-conventional hull forms are within five percent of
the actual values. Given the absolute minimum level of data input
which is used herein to generate these ship characteristics, the
results, for purposes of salvage, are far superior to anything
else a salvor has been previously provided, and can be generated
significantly faster.

Having developed a set of data for the full load departure con-
dition, the next step is to translate those data to the ship con-
dition just prior to stranding and after gstranding. If either

of those conditions do not create any significant variation in
ship's draft, then the problem is a simple one of adding, removing,
or moving weights with known centers of gravity and recalculating
the ship's revised centers of gravity to measure the trim and
stability in the revised condition since the variation in hydro-
static properties is small enough to ignore. On the other hand,
if the resultant draft variation is great or there is excessive
trim and/or list, then the problem becomes more complex.

In the case of the variability of hydrostatic properties with
draft, KM simply does not vary significantly with draft until

the draft is dramatically decreased (on the order of one third

of the full load draft) and after which it increases. From actual
ship data, TPI, MT1l, LCB, and LCF will vary, in an approximate

and general sense, as follows:
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e TPI will decrease linearly as draft decreases
at the rate of 0.75 percent of the full load
TPI per foot of draft;

e MT1l will decrease linearly as draft decreases
at the rate of 2.5 percent of the full load
MT1 per foot of draft;

e the LCB will move forward linearly as draft
decreases at the rate of 0.2 percent of the
full load LCB per foot of draft; and,

e the LCF will likewise move forward linearly
as draft decreases at the rate of 0.4 percent
of the full load LCF per foot of draft.

Therefore, it can be assumed that KM will remain constant with
very little error introduced while:

(50) TPI, = TPI, - TPI, * (0.0075) * (dm1 - dmz);

(51) MT1 = MT1 MT1, * (0.025) =* (dm1 - dmz);

2 1 1
(52) Lcn2 = LCB, - Lcn1 * (0.002) * (dm1 - dmz); and
(53) LCF, = Lcr1 - LCF, * (0.004) * (dml- dmz)

where the subscripts 1 and 2 denote the full load and "new" con-
dition respectively and with LCB and LCF being measured from the
forward perpendicular (FP). Equations (50) through (53) must
always be tempered with the notion that the constants are average
values based upon conventional hull forms. Moreover, they, like
all of the other analytic techniques shown herein, should never
be considered as a substitute for rigorous naval architecture
techniques to generate these parameters or as a substitute for
trim and stability information in ordinary naval architectural
work except, perhaps, in the very early stages of a design pro-
cess. Rather, they have been developed for the salvage situation
in the absence of that rigorous information, or in the interim
until that rigorous information becomes available to the salvor.

Figure VI-1 gives a comparision of various estimated hydrostatic
properties (TPI, MT1, LCB, and LCF) for a partial container cargo
liner versus its actual values as a function of draft. As can

be seen from that figure, the differences do not vary signifi-
cantly with draft. At the very least, the errors do not change
to any great degree as the draft departs from the full load con-
dition. 9/

9/ It should also be noted that this ship is the one

with the largest differences in its full load con-
dition.
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Insofar as the problem that arises with distorted attitudes of
trim and list is concerned, it should be noted that any displace-
ment and other hydrostatic data that are found aboard ship, in-
cluding those contained in trim and stability booklets and sta-
bility calculators, are for ordinary conditions of trim. There-
fore, these data are limited in their applicability when large
attitudes of trim and/or list are present, a likely situation

in a stranding. With modern computer technology, it is theoret-
ically possible to digitize hull offsets and to quickly and ac-
curately generate hydrostatics for any combination of angles of
trim and list. In a salvage situation, however, unless these
offsets are digitized and available as input to a computer capable
of generating the hydrostatic and other stability data for a
particular trim and list condition and, equally as important,

can be made available to the salvor in an expeditious manner the
point becomes moot. The primary problem (apart from exchanging

! data between the scene and the onshore computer facility) may

] be stated as follows:

o first, do the offsets exist in a digitized
h form?

e second, if they do exist, are they or can
they be made available? and,

e third, their availability notwithstanding,
are they compatible in format for imput to
the computer?

Chances are that digitized offsets are only available on a rela-
tively small number of the total world's population of ships.
Second, their availability, or at least retrievability, in a
timely fashion is probably not very good; and, third, even if
they were available and retrievable, there is always the question
of data compatibility with the computer and software at hand.

In short, it is not reasonable to assume their existence and
availability, at least in the initial, and oftentimes, most cri-
tical, stages of developing a salvage strategy.

In general, the salvor, with his calculations, must account for
the variation in hydrostatic properties and other ship charac-
teristics which occur due to excessive trim and list as well as
the impact of possible flooding. In an ordinary sense of naval
architecture, all of these factors may be taken into account and
rigorously determined; however, it is one thing to have the luxury
of data, time, and resources to conduct the computations; it is
quite another thing to accomplish these same computations with
limited data, time, resources, and in a highly stressful atmos- -
phere. .
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Historically, salvors have successfully overcome these shortcomings
by understanding the limits of whatever calculations they can
make; by relying on their experience; and, by having a compre-
hensive understanding of ships in peril. Simply put, there is

no substitute for good judgment in the absence of hard fact.
Within this work effort, the problems that excessive ship atti-
tudes create with salvage engineering computations have been duly
recognized. To date, it has not been possible to develop some
means to circumvent those problems with some quantitative or even
quasi-quantitative means. Nonetheless, what has been developed
and discussed to this point is a significant improvement for the
salvor in computing various data points upon which a salvage
strategy can be developed in the absence of actual ship charac-
teristics and in the absence of information available from a trim
and stability booklet.

Given the above information, and with the input of ship drafts,
it is then a straightforward task first to estimate the ground
reaction and its effective point of application and then to com-
pute their impact upon both the stability and strength of the
stranded ship. This statement is subject to the limitations
previously discussed.

3. Ground Reaction

Frequently, only the most sketchy information is initially avail-
able following a ship's stranding. Lacking more accurate data,
the salvor can estimate a ship's pre-stranding drafts by making
appropriate deductions from the full load draft since the last
port of departure. The state of the cargo can be predicted based
on the type of ship, its route, and information from local au-
thorities or agents. After-stranding drafts, when given, are
frequently inaccurate due to the difficulty in reading drafts

in the presence of wave action or in poor visibility. Further-~
more, grounded draft, if given, is often not correlated with the
state of the tide. Refinement of pre- and after-grounding drafts
often is a process that continues for several hours, even days,
and generally is not finally resolved until after the salvors
board the ship. The experienced salvor will have to make his
best estimates in such cases.

Knowing the ship's drafts after stranding and its drafts just
prior to stranding, or using the best estimates, gives the net
change in draft. The net change in draft, in *urn, when combined
with TPI, given the lost buoyancy or the effective ground reaction
(R); or,

(54) R = (dmbs - dmas) * TPI * 12,




where dmbs is the mean draft before stranding and dmas is the
mean draft as stranded.

f By taking R, the change in draft forward (§d.), TPI and MT1l, it
3 is possible to estimate the effective longitudinal point of ap-
plication of R from the literature, as follows:

(55) R = (2 * MT1 * TPI * (§d;))/(2 * MT1 + Q * TPI),
where §d. is in inches and Q is the distance from the effective

center of ground pressure to the LCF in feet. Rearranging equa-
tion (55) to solve for Q results in:

p——

(56) Q = 2 * MT1 (Gdf/R - 1/TPI).

The effective transverse point of application of R may be estimated
from the heeling moment as follows:

(57) heeling moment = R * S * cos @,
where S is the unknown transverse distance in feet measured from
the ship's centerline and 9 is the angle of list. From equilli-
brium, this heeling moment equals the righting moment or,

(58) righting moment = A * GM * gin @.

By combining equations (57) and (58), the following estimate of
the effective transverse point of ground reaction is:

(59) s = (A8 * GM_ * tan §)/R,
where Aa is the displacement as stranded or Apy, minus R.

GMs is the metacentric height as stranded which may be found from
the following:

(60) GGs = (R * KG)/(A - R)

where GGs is the virtual rise in the ship's center of gravity
due to the ground reaction. Therefore,

(61) GMs = GM t §KM - GGs,
where KM is the change in metacentric height.

Since the change in KM (§KM) is generally quite small with change
in draft and can be therefore ignored, then,

(62) GMs = GM - GGs.
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By properly adding or subtracting weights from the full load de-
parture condition to the condition just prior to stranding and
then incorporating the ground reaction and its effective point
of application, one arrives at a picture of the ship's stability
while stranded. As previously discussed, the ship's stability
while stranded is not apt to be a problem. However, as further
actions are taken by the salvor to extract the ship from its
stranded position by moving, adding, or removing weights, the
resultant stability condition of the ship may be precarious once
the ship is refloated. Therefore, the salvor must continuously
judge the ship's stability as the various salvage actions occur.
To do so, he must first ascertain the stability condition as he
finds the ship stranded including the impact of any flooding,
tide changes, free surface, and free communication that exists

‘ and as the overall stability picture changes with progressive

k salvage actions. These factors are not discussed herein since

these are conventional methods published throughout the literature
and are well known to naval architects and salvors.

N 4. Strength Factors

In addition to considering stability, a salvor must also consider
ship strength. However, as stated within Section IV, any dis-
cussion of ship strength in a stranding situation must always

be subdivided into those cases where there is little or no struc-
ture damage and those cases where there is significant structural
damage.

In the case of little or no structural damage, it is possible
to make rigorous computations of shear force and bending moment
distributions along the length of ship (including the impact of
the ground reaction on these factors) as the ship lies in the
stranded condition, as weight changes are made, and as the ship
ultimately floats free.

If a salvor were provided, before stranding, weight and buoyancy
distributions and could make the necessary adjustments to those
two distributions to account for the ground reaction and any
weight losses and/or flooding, the problem would be that of com-
putational capability and facility of data input; i.e., not long
and tedious data inputs. Assuming for the moment that this capa-
bility and facility can be handled, it becomes a straightforward
naval architectural technique to develop the "as stranded" load
distribution and to integrate for shear forces and bending mo-
ments. In fact, except for the ground force input, this would
be no different from standard loading computers which are found
on many ships today.
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However, the best information may only be the centers and weights
of cargo, consumables, ballast, and perhaps, light ship data.
Oftentimes, the salvor is not afforded all of these data. None-
theless, even with these data he must distribute the weights along
the length of the ship which may not be too monumental a task

for cargoes which are carried in bulk and for consumables; but,
he probably will be at a loss for the light ship weight distri-
bution. To further compound his problem, meaningful buoyancy
distribution data for the ship in the ordinary floating condition
and in a stranded condition with distorted waterline attitudes
are not available to him.

To help overcome these difficulties, the following technique,

in conjunction with the assumption that cargo weight and consum-
able (e.g., fuel, water) weight distributions can and are input
to the analysis, was developed in order to provide some insight
to the strength picture of a stranded ship:

e first, a method to create the light
ship weight distribution;

e second, a method to estimate the buoyancy
distribution for the ship as loaded; and,

e third, a method to account for the ground
force.

To create an estimate of the light ship weight distribution, a

set of non-dimensional weight ordinates along the length of the
ship were developed for a limited number of ship types. The ship
types selected were a break bulk cargo ship, a container ship,

and a tanker. Their variation in type and within types was simply
based upon data availability and the number of variations (three)
was in turn limited by time and resources. The description of

the step-by-step procedure was as follows:

e the total of steel weight (excluding weight
of superstructures), outfit weight, and mar-
gin weight was determined;

e the LCG of the above weight total was deter-
mined;

e the ordinate for the length of the parallel
middle body was determined ("coffin diagram");

e the end ordinates of this diagram was deter-
mined by trial-and-error so as to get the same
LCG as of the total weight described above;

hctdadintindnl s,




From the foregoing,
for each of the 40 half
These station constants

the weight diagram without machinery and super-
structure was drawn;

each item of the machinery group was positioned
with respect to amidships (as dictated by
experience) ;

the LCG of the machinery group was determined
by taking moments of the machinery items about
amidships;

the positions of the machinery weight items
were adjusted to match the LCG of the machinery
group;

trapezoids for each piece of machinery were super-
imposed on the drawn weight diagram mentioned
above; and,

trapezoids for the superstructure were then super-
imposed.

The results of the foregoing were then adjusted to create an
adjusted light ship weight diagram (consisting of rectangles)

dividing the LBP into 20 stations;

constructing an ordinate at each half station
corresponding to the average ordinate of the
previously developed light ship weight diagram;

calculating the moments of the area bounding
the ordinate and half station;

dividing the total moment by the total area to
determine the LCG of the diagram; and,

checking the LCG of the light ship against
actual values and adjusting as necessary.

at each station for any particular ship simply becomes:

-55-

a set of station constants (Csn) was created
stations for each of the three ship types.
for each of the three ship types are given
in Tables VI-4, -5, and -6. To then determine the ordinate (Osn)
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(63) Osn = (Csn * Al * A2 * Als)
(z Csn * Al * A2 * LBP/40)

where Al is the LBP divided by 100, A2 is the ratio of LBP to
LOA and Als is the light ship weight which in turn can be deter-
mined from

(64) Als = f1 - TOTAL DEADWEIGHT.

Figures VI-2, -3, and -4 give those distributions on a non-di-
mensional ordinate scale for each of the three ship types.

Means were sought to accurately approximate cargo and other dead-
weight items weight distributions by ship type and loading condi-
tion, but the number of combinations was so great and the results
8o sengitive to reasonable estimates that the effort was thwarted.
Therefore, it was concluded that these weight distributions were
required to be manually input by the salvor on a case-by-case
basis in order to have the computer depict the total as loaded
weight distribution. This evolution in actual practice will not
be the time consuming process of former times. The program will
only require the input of cargo weights and locations. The com-
puter will then conduct the necessary manipulations.
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Having to this point generated a weight distribution, the next
problem became the generation of a corresponding approximation

of buoyancy distribution. Buoyancy distribution is a function

of the distribution of section areas which, as will be shown,

may be approximated as a function of the block coefficient. To
begin this process, the computer divides the ship's length into
three units: the parallel middle body (Lpmb), the forebody (Lfb);
and, the after body (Lab) as follows:

(65) Lpmb = (1.74 * Cb - 1.002) * L;
(66) Lfb = (1.186 - 1,17 * Cb) * L; and,
(67) Lab = L - Lpmb - LEb.

The buoyancy of the parallel middle body (Bpmb) is computed as
follows:

(68) Bpmb = (Lpmb * B * dm * K)/35,
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where K is the wmidship coefficient (Cm) or Cb divided by Cp.

The Bpmb divided by Lpmb then gives the first estimate of the
constant buoyancy ordinate (y,) throughout the parallel middle

body length in tons per foot.” In other words, the buoyancy through-
out the parallel middle body is being estimated by a rectangle

whose length is Lpmb and whose height or ordinate is Y3 (See
Figure VI-5.)

As shown on Figure VI-5, the buoyancy distribution within the
forebody is estimated by two trapezoids which very closely ap-
proximate the curve of buoyancy distribution within the forebody.
The baseline distance (bl) of the forwardmost of the two trape-
zoids is determined from?

(69) b, = (0.61 - 0.615 * Cb) * L
vhile the baseline distance of the second of the trapezoids is

(70) b = Lfb - b

2 1°

The common ordinate (yz) to the two trapezoids is:
= *
(71) Y, Cb Y3

and the ordinate of the forwardmost trapezoid just aft of the
forward perpendicular (yl) is:

(72) y, = 0.04 * y,.

Obviously, the common ordinate to the aftermost of the two trape-
zoids is equal to Yq-

In the case of the after body, the baseline distance of the after-
most trapezoid (b.) is simply 0.2L and therefore, the baseline
distance (b ) of 2he second trapezoid is:

(73) b4 = Lab - 0.2 * L

and the common ordinate (ya) of the two afterbody trapezoids which
is located at this point is

(74) Y4 = Cb * Y3v
which means Y4 is identical to Yoo

Lastly, the ordinate just forward of the after perpendicular
(ys) is determined from:

(75) yg = 0.08 * y,.
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Figure VI-6 compares the computer-generated first estimate of

the buoyancy distribution of a tanker with a block coefficient

of 0.8 (shown by the solid line) versus the tanker's actual buoy-
ancy curve (shown by the dashed line). As can be seen from that
figure, the differences are relatively minor in nature and are
within acceptable limits for salvage purposes if the composite
centroid or the LCB of the estimated buoyancy distributiom coin-
cides with the previously determined LCG.

If the first estimate of the buoyancy distribution does not give
either the prOper displacement or the coincidence of the LCB and
LCG, then the y y3» and y ordinates are adjusted by an itera-
tive procedure o move the QCB forward or aft, as appropriate,
until the LCB and LCG are within one~-tenth of a foot of one another
and the area under the buoyancy curve equals the displacement.

Once the buoyancy distribution is properly adjusted (in terms

of displacement and LCB) it becomes a direct task for the com-

puter to combine the weight and buoyancy distributions and the
- ground reaction to attain the resultant load distribution and
to successively integrate that distribution and the resultant
shear force distribution to determine the bending moment distri-
bution. As changes are made to weights during the course of the
salvage operation, and the ship is ultimately refloated, these
distributions may be revised as necessary so that the salvor has
good insight to the strength situation under the assumption that
the ship has sustained no major structural damage; i.e., by com-
paring the calculated bending moment at any time to the maximum
allowed by classification society rules which, in turn, is di-
rectly calculable within the computer program.

As stated earlier, where the ship has suffered major structural
damage, the problem is altcgether different due to a number of
uncertainties in the definition of damage and, in the case of
older ships, to the actual material condition of the intact struc-
ture. Therefore, in the case of major structural damage, the
ability of a salvor to quantify the strength of the ship is se-
verely limited.

In these instances where major structural damage has occurred,

the best information that a salvor can be afforded is a continuous
computation of the bending moments of the ship throughout the
salvage operation.
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Another factor that should be understood within strength consider-
ations is that the maximum allowable, total bending moment is

the sum of the still water and maximum wave-induced bending mo-
ments. While stranded, the ship will be subjected to a modest
wave-induced bending moment and the still water bending moment.
That still water bending moment represents less than half of the
total allowable bending moment which in turn has a factor of
safety on the yield strength of 1.5.

When viewed from this perspective, it should be apparent that

a ship which strands without significant structural damage and
without subjection to heavy bottom scouring action is unlikely

to undergo a major structural failure due to the ground reaction
by itself and/or any reasonable changes may be made in the loading
distribution during the course of the salvage operations. This

is not to say that it is impossible for a massive structural
failure to occur. However, this is not the reason why the stranded
ships sometimes break-up. Rather, these break-ups are primarily
attributable to the loss in strength as a result of original
damage sustained in stranding or additional damage from ship
movements on the strand.

The major structural problem that the intact ship structure will
encounter will occur upon refloating and steps must be preplanned
and quickly taken to alleviate any unfavorable load distribution
upon refloating.
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SECTION VII

FUNCTIONAL REQUIREMENTS

l. Introduction

This section contains the recommended hardware and software re-
quirements for portable computational aids intended for use by
salvage response personnel. These functional requirements are
predicated upon the findings and results of all of the previous
tasks; i.e., a portable computational device for the analyses
of stranded ships with limited input data.

As discussed in Section III, the anticipated input data, the
analytical techniques, and the desired output for salvage cal-
culations cannot be structured to be compatible with existing
portable computer capability. Rather, the combination of com-
putational needs and input data availability dictate analytical
techniques and computational outputs which in turn, requires a
compatible computational capability. In other words, the soft-
ware and hardware for portable computers must be capable of op-
erating on the available input data and the compatible analytical
technique which in turn gives the various outputs to meet the
computational needs of a salvor. (See Figure VII-1.)

2. Software Requirements

From the basic analytical techniques developed in the previous
section, a series of algorithms (i.e., step-by~step procedures

for programming) and arrays were developed. The results of those
algorithms and arrays are contained in Appendix E. The algorithms
are subdivided as follows:

e a loop to calculate displacement as
stranded from a last known displace-
ment or draft (p. E-2);

e a loop to determine hydrostatic properties
(i.e., KM, TPI, MTl, LCB, and LCF) when
the curves of form are not available
(pp. E~3 and E-4);

e a loop to determine as-stranded KG and
LCG or KG2 and LCG2 (pp. E-5 and E-6);
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e an algorithm to determine R, KG, LCG,
and trim as stranded and as progressive
weight changes are made (pp. E-7, E-8,
and E-9);

e an algorithm for miscellaneous factors
including free surface, free communica-
tion, the change in R (§R) due to a
change in the height of tide (8h), the
net theoretical force (F) to free the
ship including an array of the coef-~
ficient of friction () versus bottom
type, and the location of the neutral
loading point (NP); i.e., the point
at which weights may be added or removed
without changing the magnitude of the
ground reaction (pp. E~10 and E-11);

e an array of the "f" and "g" coefficients

for determining Cb and Cw (p. E~12);

e an algorithm to determine the light ship
weight distribution (p. E-13) to be used
in conjunction with Tables VI-4, -5, and
-6 for Csn on pages 61 to 63;

e an algorithm to determine the buoyancy
distribution (pp. E~15 and E-16); and,

e an algorithm to calculate shear force
and bending moment (pp. E-17 to E-20).

These algorithms and arrays represent the total software appli-
cation requirements developed for this project. When they are
properly chained together and programmed in a "user friendly"
sense (i.e., prompts, displays, printouts, etc.) for the partic-
ular portable computer ultimately chosen, they will constitute

a comprehensive computational package with various automatic
default operations when certain input data are not available.

However, their limitations with respect to the applicability of
the hydrostatics for large angles of trim and heel, to the limited
number of ship types in the loop to determine light ship weight
distribution, and to various specialized ship types which are

not included therein should be especially noted by anyone using
them., Moreover, it cannot be overemphasized that these and any
other salvage engineering computations are an aid t. the salvor
and not a salvage solution by themselves; in other words, the
results of any salvage computations require interpretation based
on experience and used accordingly.
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3. Hardware

T
o bt

a. Physical size and weight. The portable computation device
including all peripheral equipment should be of such a size (in
the "carry" mode) and weight so that it can be hand carried by
salvage response personnel and as a matter of perspective, it
should be capable of being stowed under an airline seat. Its
weight and bulk should not create any undue hardship upon the
persons carrying the unit. Moreover, it should not be either
so heavy or cumbersome as to create a risk to the carrier when
boarding a stranded ship via a pilot ladder or other similar
means.

b. Self-contained power source. The portable computational de-
vice should be provided with a self-contained source of power

so that no external power source is required for its operation.
Rechargeable nickel-cadium batteries or other equivalent power
supply should be provided. The capacity of the self-contained
power source should be sufficient to operate the device, including
all peripherals, for not less than 24 hours. In addition, a means
to recharge the power source from an external source of power
should be provided; i.e., an adaptor suitable for AC voltage
inputs in the ranges of 90 to 130 VAC and 175 to 250 VAC at cycles
between 48 to 66 hertz.

c. Random access memory (RAM). The portable computational de-
vice should be provided with sufficient random access memory to
accommodate both the operating system software and the salvage
computations. In addition, a back-up, non-volatile storage mech-
anism (e.g., disk, cassette, tape, etc.) must be provided to
reload the device in the event of memory loss such as through
battery dissipation. The total required RAM capacity of the
computational device will depend in part upon the requirements

of the operating system; however, it would appear that most existing
portable computers with a RAM capacity of 32K could accommodate
the salvage calculation needs developed herein although a 64K
machine would allow more programming and operating flexibility,
accommodate future expansions of the program, and probably permit
the maximization of "user friendly" operations such as prompts
and the visual display and printing of all inputs, outputs, and
plotting options.

Y"vvvvwv'.vv

AR D y g AL/
oo b T T

N ! St et .

-71-




.

v v

<

d. Peripheral devices. Peripheral interfaces should comply with
RS-232C or IEEE-488. The portable computational device should

be provided with a mass storage peripheral employing disks, cas-
settes, tapes, etc., with the ability to transfer data from that
peripheral to the device and vice versa. In addition, the com-
puter should be provided with a visual display to prompt the user
for inputs and to display all inputs and outputs. The visual
display should not be less than a 20 to 30 column, single row
display. (From the practical point of view, the requirement for
a self-contained source of power tends to eliminate a CRT-type
display.) Further, a printer is to be provided to record all
inputs and outputs and to be capable of providing a plotting func-
tion. Insofar as is reasonable and practical, all peripherals
should be integral within the unit and should not, in any case,
require excessive set-up operations and time by the user.

e. Other features. The portable computer should have a complete
alpha-numeric keyboard in addition to any preprogrammed or user
definable special function keys. The keyboard should be as near

as is practicable to a full-size keyboard and it would be desirable
to have a keypad editor; i.e., a calculator type numeric entry
keypad. Communication capability through a modem or acoustic
coupler or IBM compatiblity is not necessary but consideration
should be given to the inclusion of these features for additional
flexibility and future applications.

From the technical applications point of view, there does not
appear to be any advantage in stipulating a particular operating
system. However, certain operating systems tend to have various
advantages and disadvantages with respect to the area they require
within the RAM, programming, user facilitation, speed, compati-
bility with other computers, and other standard user software
application packages. Except for the RAM consideration, it would
appear that for the dedicated salvage engineering application,
the selection of the operating system is more of a function of
preference, operator sophistication, and whether the device will
be used for other applications and/or communicating with other
computers. However, its language capability should be at least
equivalent to existing ones.
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SECTION VIII

CONCLUSIONS AND RECOMMENDATIONS

l. General

Historically, salvors have operated rather successfully with both
limited data inputs and limited computational capacity when con-
ducting their various salvage engineering calculations. The
experienced salvor generally has no difficulty in reaching the
"right" strategy. The problem is a matter of degree. Having an
improved ability to quantify the stranding problem, particularly
at a much earlier stage, will facilitate mobilization decisions
such that the assets ultimately required will be made available
much sooner than before. There will be fewer initially successful
refloating efforts with less waste of time and less exposure of
the stricken ship to additional risk.

The problems that arise in measuring and attaining situational
data are inherent to a salvage situation; therefore, those data
will always present some amount of uncertainty within salvage
computations. In addition, the variance in the availability of
intact ship characteristics will be so great that a salvor must
always be prepared to operate with minimum actual data and must
be capable of estimating those data quickly and with reasonable
confidence.

"

Heretofore, those estimating techniques have been generalized and
in some cases, have required long and tedious calculations under
adverse circumstances. To help relieve this, the salvage profes-
sion, by necessity, has developed from experience, various ana-
lytical aids and estimating processes. Those techniques and pro-
cesses can be greatly facilitated in accuracy and reliability as
well as expedited by the use of portable computers supplied with
the appropriate software for the analytical techniques developed
herein.

-1117r‘

2. Data Availability and Reliability

Data availability and reliability cannot be mandated or necessarily
expected in salvage situations given the international character

of shipping and its institutional constituency such as charter
arrangements, single ship entities, etc. It would be convenient

to find that every ship has the trim and stability booklet, loading
manual, or other shipboard information that may be required by
various national authorities, classification societies, or inter-
national conventions. However, many ships do not have or cannot
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provide these data due to the ship's age, its owner, the number
of times the ship has changed ownership, the type of ship, and
may other factors. Thus, the expectation of readily finding that
data onboard or retrieving it from some other source in a timely
fashion, is so tenuous that it should be assumed that such data
may not be available to the salvor; at least, not in the early,
and most critical stages of a salvage operation.

Intact ship characteristic data are and will continue to be limited
in availability, reliability, and timeliness to a salvor. This
limitation need not create unsolvable impediments to the experienced
salvor.

3. Calculations For Hydrostatics, KG, LCG, and Ground Reaction

It is believed that basic hydrostatic data (i.e., displacement,
KM, TPI, MTl, LCB, and LCF) can be determined from minimal ship
data for the full load condition and at ship drafts which vary
significantly from that full load condition at a level of accuracy
which is well within the limits required for salvage needs. In
fact, given the accuracy that a ship's drafts may be read in a
stranding situation in the presence of any wave action, the re-
sults which may be generated exceed that which has been previously
available to salvage personnel.

Moreover, the estimation processes developed to provide the KG

and LCG of the fully loaded ship are well within the needs of sal-
vage engineering, and can only be improved upon by having actual
data or conducting detailed weight estimates and distributions
which is not very practical in a salvage situation.

With the foregoing information and other information such as the
ship's drafts as stranded, the amount and location of cargo or
other weight items that may have been lost as a result of the
stranding, the amount and location of any flooding that may have
occurred as a result of the stranding, and some point of reference
which allows an estimation of the ship's condition just prior to
stranding, the salvor is able to compute all of the following with
respect to stability:

e first, the magnitude of the ground reaction
and its effective point of application;

second, the ship's stability as stranded,
but recognizing that this normally is not
a critical factor for most ships;
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e third, the ship's stability as various changes
in tide occur and weight movement and/or changes
are made to extract the ship from its stranded
condition; and,

e fourth, and perhaps most importantly, the
ship's stability when it is refloated.

When a ship is lying at large angles of trim and heel, any and

all hydrostatic data used in either stability or strength calcu-
lations will suffer in applicability due to these list and trim
attitudes. In the absence of any other means (such as shoreside
engineering support) to rigorously determine these properties for
the actual ship attitudes, any calculations determined by the
methods herein must be treated accordingly by all parties involved
in the salvage operation.

It is RECOMMENDED, however, that prior to the programming process
and the distribution of any portable computers to salvage response
personnel, the Coast Guard institute a short-term, high priority
research and development effort to provide the necessary analytical
techniques to estimate hydrostatic properties for large angles

of trim since larger than normal angles of trim are not uncommon

in stranding situations.

Apart from the problem of large amounts of list and trim, the
technique discussed herein along with the necessary pre-programmed
computational device provides the salvor with & good picture of
the magnitude and effective location of the ground reaction and
the stability situation. More importantly, it permits the salvor
to create his overall salvage strategy, at least from the trim

and stability point of view and informs him of the implications

of such actions as lightening, and moving weights, and the forces
neede” to physically pull the ship off the strand at various tidal
and loading conditions. It also provides him with insight towards
protecting the stranded ship where stability may be a problem and
when the refloated ship where stability can often be a problem.

4. Calculations For Shear Forces and Bending Moments

From the so-called ship strength point of view, if the ship is

not significantly damaged, then the load distributions (including
the ground reaction and any flooding that may have occurred) may

be developed. Those load distributions, which are quickly developed
from an approximation of light ship weight distribution, inputs

of cargo and other deadweight item weights and longitudinal centers
of gravity, and an estimated buoyancy distribution can then be
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successively integrated to determine very good estimates of shear
forces and bending moments. In fact, it is submitted that these
results will, for salvage purposes, approach those developed by
shipboard loading calculators given the various inaccuracies of
the preloaded hydrostatics and the situational factors.

However, one major limitation that this aspect of the analytical
techniques is subjected to is the limited number of light ship
distributions (by ship type and character) that were possible to
develop within this project. Accordingly, it is RECOMMENDED that
the Coast Guard institute a short-term research and development
effort to expand the number of light ship weight distributions.
Without additional variations, the applicability of the shear force
and bending moment techniques developed to date are limited.

As previously discussed, the impact of the ground reaction, even

under severe assumptions of stranding, will not ordinarily cause

structural failure by itself in the absence of significant struc-
tural damage having occurred during the course of stranding.

The two problems that the salvor faces with regards to ship strength
are as follows:

o first, in the absence of any significant
structural damage, he must assure himself
that the resultant changes in loading which
are made to the ship during the course of
the refloating operation do not create stresses
which exceed the ship's intact strength while
stranded, while being extracted, and most cri-
tical, immediately upon refloating; or,

e second, when significant structural damage
has occurred, he must determine the stress
level to which the damaged hull may be
safely subjected.

In the first case, the techniques developed along with the capa-
bility of existing portable computers can quickly provide salvors
with hull loading information for integration in their salvage
strategies. In the second case, no present analytical technique

can provide more than qualitative guidance with respect to strength.

In the situation where the ship structure is significantly damaged,
the analytical technique developed herein becomes somewhat limited
in that it cannot determine the ship's residual strength. How-
ever, that inability is not a function of the technique or capa-
bility as it is the combination of the lack of detailed intact
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hull structure data and the uncertainty of the extent of struc-
tural damage. Even with the availability of detailed intact hull
structural data, it must be understood that any analysis made
employing any analytical technique will be subject to the same
uncertainty problem of structural damage.

It is therefore RECOMMENDED that the Coast Guard in conjunction
with the Ship Structure Committee create a long-term goal to de-
velop a means by which limited structural data information can
be used to estimate the ship's residual strength.

5. Predictive Ground Reaction and Pre-Arrival Agssessment

Apart from the on-scene capability that the described analytical
techniques afford a salvor, they can also provide a unique capa-
2 bility which has generally not been available to salvage response
' personnel. That capability is the formulation of an initial as-
sessment of the situation before arriving on~scene and the mar-
shalling of the required salvage assets. This could, in many
cases, gain valuable time (i.e., certainly hours and frequently
days) rather than awaiting arrival on-scene.

- If experienced salvage response personnel were informed of a straunding
: and given the ship's name and its location, they could determine
quickly the ship's approximate loading condition and make an edu-
cated guess of the ground reaction by knowing the ship's approxi-

mate speed at stranding, the bottom's approximate topography and
constituency, and tidal conditions.

By telephoning owners, shipping agents, local authorities, pilots,
etc. and from personal expertise and knowledge the salvor could
compile these data in a matter of hours. The goal of this compila-
tion would be to make a first order assessment of the stranding
situation. The question that arises is whether the ground reac-

in the absence of accurate draft information, can be estimated

at this stage.

During the course of this project, it appeared to be possible to
make a first order assessment of the ground reaction as a func-
tion of ship's speed and displacement at the time of stranding.
It is still contended that this is feasible subject to the caveat
that such a determination would be only a first order assessment
due to the many variables which ultimately determine the actual
ground reaction. As discussed in Section II, the problem that
handicapped this development was not the analytic process, but
rather one of limited data of actual stranding data which were
made available.
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A ship's kinetic energy is dissipated when it stops because of

a grounding. There are many parameters involved in this process
of energy dissipation. Nonetheless, one would expect to find some
correlation between initial ground reaction and some function of
displacement and speed squared. While no simple correlation could
be developed, a more complex relationship of displacement, speed
squared, and other ship’'s characteristics was found that suggests
an order of magnitude prediction of ground reaction is possible.
However, the data sample was insufficient to develop significant
statistical correlation. Nonetheless, it is strongly suspected
that given more data points, it would be possible to make a good,
first order prediction of ground reaction on the basis of some
function of ship speed and displacement.

Throughout the evolution of this development, it has been argued
that there are so many variables that dictate ground reaction to
render such an approach to be impractical. However, as long as
such a result was clearly understood to be a first order estima-
tion, it could be of tremendous advantage at the very early and
critical state of a salvage operation. As previously stated,
limited data suggest strongly that such estimates are reasonable
and within working limits for their intended use.

For example, it would be extremely valuable for salvage response
personnel, prior to their arrival on-scene, to know the particular
requirements of the situation, the degree of lightening operations,
and the limitation in salvage options caused by stability and
strength considerations. This type of predictive capability is
possible with the analytical and computational techniques described
herein coupled with a means to predict ground reaction when meaning-
ful information in the ship's drafts is not otherwise available.

Since this predictive capability would appear to be a significant
asset to the Coast Guard, or anyone involved in salvage, it is
RECOMMENDED that the Coast Guard institute a short-term, high
priority goal to collect, analyze, and develop a technique to
predict the ground reaction as a function of displacement and speed
or other appropriate variables.

6. Other Limitations In The Use Of The Analytical Techniques

With respect to both stability and strength considerations in

a salvage situation and in particular, to the engineering calcu-
lations, there are two cautionary notes that bear emphasis. First,
it has been found that mixing actual data with calculated data

in any set of salvage calculations tends to give results poorer
than results achieved using, complete sets of actual or calculated

-78~-




-

data; e.g., one explanation for this result seems to be that errors
in estimating are oftentimes cancelled within the physical calcu-
lation process. Specifically, coefficients of form and hydrostatic
properties must be compatible,.

The secondary cautionary note pertains to the fact that salvage
calculations always have been, are, and will provide information
to the salvor with various degrees of accuracy. The analytical
techniques developed herein, in conjunction with the computational
capability of portable computers, can be used to facilitate and
enhance a salvor's confidence in these calculations. They are

a means to an end but they should not and cannot be the decision-
maker. Simply put, there are too many facets of salvage which

can only come from experience and any results used from the tech-
niques developed herein should be tempered accordingly.

Moreover, the outcome of this project is not a panacea to all pos~
sible situations and more especially those which are very complex
and, therefore, take more caution and time. In such instances,

the complexities of the situation, if at all quantifiable, will,

by their very nature require more engineering support than described
herein or could be provided on-scene.

7. Computational Aids

It has been concluded that there are a number of portable computers
with self-contained power sources available on the market today

which can accommodate the calculation needs for salvage in a stranding
situation. Accordingly, the use of other non-electronic calcula-

tion devices such as slide rules, nomographs, datalyzers, etc.,

do not appear to merit any consideration since there is no function
that one of these devices can perform that the portable computer
cannot perform. While arguments could be made for their employment

as back-ups to the portable computer or to relieve the load omn

the portable computer, the arguments lack merit.

Although onboard loading computers could be modified to provide

a portion of the necessary computational capability in a salvage
situation, this modification is not especially recommended as a
pursuit; the reasons being limited availability onboard, utility
in the absence of power, the potential compromise of their relia-
bility for their intended purpose, their potential misuse by ship-
board personnel in a stranding situation, the reluctance of owners
to provide this facility, and the potential conflict with classi-
fication society approval requirements,

Computational aids which are more extensive than the portable com-
puters are discussed in a following subsection,
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8. Users of Salvage Computational Aids

Although no suggestion is being made that Coast Guard contingency
response personnel shoculd or could be trained as and gain the
experience of professional marine salvors, it is imperative that
they possess a basic understanding of salvage if the results of
any salvage engineering computations are to have any meaning to
them. It is,therefore, RECOMMENDED that key contingency response
personnel be exposed to some form of basic training in marine
salvage and that senior personnel be educated in all aspects of
salvage.

9. Other Long-Term Goals And Considerations

For the near-term future, the portable computer and analytical
techniques developed herein (plus the short-term goal recommen-
dations previously discussed in this section) can fulfill Coast
Guard needs. However, for the long-term, the following are RE-
COMMENDED for Coast Guard consideration:

e the compilation of digitized hull offsets
and compartment data, light ship weiyht,
distribution, KG, and LCG, and pertinent
structural data within an off~line com-
puter facility for recall and analysis
when required for extraordinary cases.
While it is recognized that this could
never be an all inclusive file, it could
be a major advantage in such situations
involving any one of the on-file or simi-
lar ships;

e as a corollary to the foregoing, the pro-

vision of communications capability within

the portable computer system might, there-

fore be a judicious requirement. (Al-
- though there is some argument to be made
about longerange data transmission capa-
bility in any situation and the availa-
bility of a communications medium in a g
salvage situation, it is believed that b
-, modern satellite communications can ac-
- commodate the data transmission and that !
- such communications capability is becoming
) more widespread aboard ships); and,
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e while it is not recommended that the Coast
Guard become involved in the development
of more detailed computational aids tailored
to particular ships, it is recommended that
the Coast Guard be aware of those systems
which are available, especially within various
major operating companies.

As a matter of caution in this regards, it should be emphasized
that sometimes too much detailed information can be an impedi-
ment to a salvor in that: (1) the gain in refinement or detail
is "noise" in the context of the ultimate decision taken and the
time lost in conducting and assessing this level of detail; i.e.,
"better is the enemy of good enough”"; and, (2) too much detail
might tend to impede an otherwise acceptable and expeditious de-
cision. It cannot be overstressed that any salvage computations,
no matter how accurate they may be are still only guidelines to
the salvage master and should never be used to override his judge-
ment. However, they can be a valuable asset to him in many situ-
ations.
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APPENDIX B

GROUNDING INCIDENT SCENARIOS
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Table B-1

Location of Casualty

Port Area

Galveston, TX

Specific Site

Bolivar Roads Channel

Vessel Char

acteristics

—q

Type Crude Tanker
Flag Foreign
Length (feet) 748.0

Beam (feet) 105.7

Draft (feet) 43.2

TPI (tons/inch) 161.9

MT1 (foot-tons-inch) 8040
Displacement (tons) 77033

Vessel Condition
Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 10.0
Draft After Incident (feet) 40.6
Ground Reaction (tons) 5000

Site Conditions

Tidal Range (feet)

1.4

Tidal Condition

Beginning of flood

Wind Speed (knots) & Direction SSE 10
Bottom Type Soft
Damage
None.
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Table B-2

Location of Casualty

Port Aresa

Port Arthur, TX

YT

Specific Site Channel to Gulf south of R "32"
Vessel Characteristics —1

Type Tanker

Flag u.s.

Length (feet) 638.0

Beam (feet) 89.0

Draft (feet) 36.2

TPI (tons/inch) 117.3

MT1 (foot-tons-inch) 5018

Displacement (tons) 46992

Vessel Condition

Load Condition Loaded
Direction of Transit Outbound
Speed at Time of Incident (knots) 15.0
Draft After Incident (feet) 32.0
Ground Reaction (tons) 5800

Site Conditions

Tidal Range (feet)

1.9

Tidal Condition

Beginning of flood

Wind Speed (knots) & Direction 8 s
Bottom Type Soft
Damage

Bottom set-up near turn of bilge throughout most of cargo length

but not leaking.
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Table B-3

Location of Casualty

Port Arca Houston, TX
Specific Site gg::tgg s?ii C?annel,
Vessel Characteristics *T
Type Container
Flag u.s.
Length (feet) 582.0
Beam (feet) 78.0
Draft (feet) 29.6
TPI (tons/inch) 81.3
MT1 (foot-tons~-inch) 2626
Displacement (tons) 23396 ]

Vessel Condition

Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 6.0
Draft After Incident (feet) 27.9
Ground Reaction (tons) 1600

Site Conditions

Tidal Range (feet) 1.2
Tidal Condition Beginning of flood
Wind Speed (knots) & Direction 9 SSE
Bottom Type Soft
Damage X
None.
B-4
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Table B-4

Location of Casualty

Port Area

San Juan, PR

Specific Site

Bajo Colnas,

Vessel Characteristics

Type RO/RO
Flag U.s.
Length (feet) 643.0
Beam (feet) 92.0
Draft (feet) 28.1
TPI (tons/inch) 101.4
MT1 (foot-toms=-inch) 3363
Displacement (tons) 26016

Vessel Condition

Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 5.0
Draft After Incident (feet) 26.8
Ground Reaction (tons) 1600

Site Conditions

Tidal Range (feet) 1.0

Tidal Condition Mid-tide

Wind Speed (knots) & Direction 10-15 E

Bottom Type Rocky
Damage

Bottom set-up,

water leaking into double bottom, not impaled.
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Table B-5

Location of Casualty

Port Area New Orleans, LA

Specific Site Head of Passes
Vessel Characteristics 1

Type Barge Carrier

Flag u.s.

Length (feet) 740.0

Beam (feet) 105.0

Draft (feet) 39.0

TPI (tons/inch) 152,2

MT1 (foot-tons-inch) 7020

Displacement (tons) 56759

Vessel Condition

= Load Condition Loaded

: Direction of Tranmsit Outbound

. Speed at Time of Incident (knots) 5.5

- Draft After Incident (feet) 37.6
Ground Reaction (tons) 2500

Site Conditions

‘ Tidal Range (feet) 1.3
-
[ Tidal Condition Beginning of ebb
-
t; Wind Speed (knots) & Direction 8 NNW

Bottom Type Soft

Damage
None.
B-6
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Table B-6

1

Location of Casualty

Port Area

Mobile, AL

g

Specific Site

Main Ship Channel/
Entrance Channel
-

|
Vessel Characteristics p
Type General Cargo i
Flag Foreign y
Length (feet) 496.0 ;
Beam (feet) 72.0 4
Draft (feet) 32.3 :
TPI (tons/inch) 67.0
MT1 (foot-tons-inch) 1975
Displacement (tons) 22649 !
Vessel Condition
Load Condition Loaded
Direction of Transit Outbound
Speed at Time of Incident (knots) 13.0
Draft After Incident (feet) 28.3
Ground Reaction (tons) 3200

Site Conditions

TSN PP I NI

Tidal Range (feet) 1.5

Tidal Condition Mid-tide

Wind Speed (knots) & Direction 10-15 N

Bottom Type Soft
Damage

P R

Bottom set~-up in localized areas; not leaking.
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Table B-7
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Location of Casualty

Port Area

Tampa, FL

Specific Site

Intersection Cut "A"

nd Cut "B" Channels

Vessel Characteristics

Type Bulk Carrier
Flag Foreign
Length (feet) 620.0

Beam (feet) 78.0

Draft (feet) 33.5

TP1 (tons/inch) 104.2

MT1 (foot-tona-inch) 4534
Displacement (tons) 39500

Veesel Condition

Load Condition Loaded
Direction of Transit Outbound
Speed at Time of Incident (knots) 9.5
Draft After Incident (feet) 31.1
Ground Reaction {(tons) 2900

Site Conditions

Tidal Range (feet) 2.3

Tidal Condition High tide

Wind Speed (knots) & Direction 10 E

Bottom Type Hard
Damage

Double bottom in way of number 1 cargo hold flooded.
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Table B-8

Location o

f Casualty

Port Area

Lake Charles, LA

Specific Site

Entrance Channel N of "27"

Vessel Char

acteristics

Type LNG
Flag Foreign
Length (feet) 872.5
Beam (feet) 136.5
Draft (feet) 36.0
TPI (tons/inch) 244.6
MT1 (foot-tons-inch) 14220
Displacement (tons) 97159

Vessel Condition
Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 15.0
Draft After Incident (feet) 32.6
Ground Reaction (tons) 9800

Site Conditions

Tidal Range (feet)

2.0

Tidal Condition

High tide (slack)

Wind Speed (knots) & Direction

10 s

Bottom Type

Mud

vﬁr'v"rvl.r‘fv'v
. S .

Damage

None.
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Location of Casualty

Port Area

Honolulu, HI

Specific Site

Vessel Characteristics

Off Diamond Head near Buoy "2" 4#

Type Container
Flag U.S.
Length (feet) 677.0
Beam (feet) 95.0
Draft (feet) 33.6

TPI (tons/inch) 114.5

MT1 (foot-tons-inch) 4253
Displacement (tons) 37181

Vessel Condition

Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 12.5
Draft After Incident (feet) 29.9
Ground Reaction (tons) 5000

Site Conditions

Tidal Range (feet)

1.2

Tidal Condition

Mid-tide (in surf)

Wind Speed (knots) & Direction

12-15 ENE

Bottom Type

Rocky/coral

Damage

Double bottom in way of numbers 1 and 3 cargo holds opened.




Table B~-10

Location of Casualty

Port Area

Aleutian Islands, AK

Specific Site

North side of Umnak Island

Vessel Char

acteristics

Type LNG
Flag Foreign
Length (feet) 754.4
Beam (feet) 111.5
Draft (feet) 33.0
TPI (tons/inch) 169.7
MT1 (foot-toms-inch) 8353
Displacement (tons) 61172

Vessel Condition
Load Condition Loaded
Direction of Tramsit to Japan
Speed at Time of Incident (knots) 6.0
Draft After Incident (feet) 31.6
Ground Reaction (tons) 2800

Site Conditions

Tidal Range (feet) 3.5

Tidal Condition High tide

Wind Speed (knots) & Direction 20 N

Bottom Type Rocky
Damage

Number 1 port wing tank opened at turn of bilge.
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Table B-11

Location of Casualty

Port Arca

Portland, OR

Specific Site

Columbia River
Fish Trap Shoai

Vessel Characteristics

Type Bulk Carrier
Flag U.s.

Length (feet) 520.0

Beam (feet) 74.0

Draft (feet) 32.8

TPI (tons/inch) 80.7

MT1 (foot-tons-~inch) 2866
Displacement (tons) 29564

Vessel Condition

Load Condition Loaded
Direction of Transit Outbound
Speed at Time of Incident (knots) 14.0
Draft After Incident (feer) 28.8
Ground Reaction (tons) 3800

Site Conditions

Tidal Range (feet) 6.5
Tidal Condition Mid-tide
Wind Speed (knots) & Direction 10 ESE
Bottom Type Sand

Damage
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Table B-12
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Location of Casualty

Port Area

Long Beach,

CA

Specific Site

Outer Harbor Anchorage

Vessel Characteristics 1

Type 0BO

Flag Foreign

Length (feet) 855.0

Beam (feet) 105.0

Draft (feet) 49.1

TPI (tons/inch) 193.9

MT1 (foot~-tons-inch) 11557

Displacement (tons) 107381

Vessel Condition

Load Condition Loaded
Direction of Transit N/A
Speed at Time of Incident (knots) 2.5
Draft After Incident (feet) 48.4
Ground Reaction (tons) 1600

Site Conditions

Tidal Range (feet) 3.7

Tidal Condition Mid-tide

Wind Speed (knots) & Direction 10 E

Bottom Type Mud
Damage

None.
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Table B-13

Location of Casualty

Port Area San Francisco, CA

Specific Site gakland Iaper Hprbor
Vessel Characteristics

Type General Cargo

Flag U.S.

Length (feet) 487.0

Beam (feet) 70.0

Draft (feet) 31.0

TPI (tons/inch) 61.6

MT1 (foot-tons-inch) 1687

Displacement (tons) 19503

Vessel Condition

Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 8.0
Draft After Incident (feet) 28.4
Ground Reaction (tons) 1900

Site Conditions

Tidal Range (feet) 4.0

Tidal Condition High tide (slack)
Wind Speed (knots) & Direction 12-17 WNW

Bottom Type Sand

F

Damage

None.




Table B-14
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Location o

f Casualty

Port Area

Puget Sound, WA

Specific Site

Guemes Channel

—
Vessel Characteristics
Type Crude Tanker
Flag U.s.
Length (feet) 825.0
Beam (feet) 136.0
Draft (feet) 54,33
TPI (tons/inch) 228.9
MT1 (foot-toms-inch) 12482
Displacement (tons) 136676

Vessel Condition
Load Condiction Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 4.0
Draft After Incident (feet) 53.1
Ground Reaction (tons) 3400

Site Conditions

Tidal Range (feet) 11.0

Tidal Condition Mid-tide

Wind Speed (knots) & Direction 5-10 §

Bottom Type Mud
Damage

None.




Table B-15

Location of Casualty

Port Area

San Diego, CA

Specific Site

Ballast Point

Vessel Characteristics

Type Tanker
Flag U.s.
Length (feet) 630.0
Beam (feet) 84.0
Draft (feet) 36.5
TPI (tons/inch) 106.0
MT1 (foot-tons-inch) 4318
Displacement (tons) 42082

Vessel Condition

Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 9.0
Draft After Incident (feet) 33.8
Ground Reaction (tons) 3400

Site Conditions

Tidal Range (feet)

4.1

Tidal Condition

Beginning of flood

Wind Speed (knots) & Direction 9 8
Bottom Type Mud
Damage

Bottom set-up; numbers 1 and 2 cargo tanks leaking.
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Table B-16

Location o

f Casualty

Port Area

Philadelphia, PA

Specific Site

Big Stone Beach

Vessel Char

acteristics

Type Crude Tanker
Flag Foreign
Length (feet) 875.0
Bean (feet) 135.2
Draft (feet) 54.8
TPI (tons/inch) 243.0
MT1 (foot-tons-inch) 14173
Displacement (tons) 146940
Vessel Condition
Load Condition Loaded
Direction of Tranmsit Inbound
Speed at Time of Incident (knots) 3.0
Draft After Incident (feet) 53.9
Ground Reaction (tons) 2600

Site Conditions

Tidal Range (feet) 4.9

Tidal Condition High tide

Wind Speed (knots) & Direction 40 NW

Bottom Type Clay
Damage

None.
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Table B-17

Location of Casualty

Port Area

Portland, ME

Specific Site

Approach to Portland
Pgne Tree Ledge wRh )

Vessel Characteristics

Type Tanker
Flag Foreign
Length (feet) 660.0
Beam (feet) 90.0
Draft (feet) 35.0
TPI (tons/inch) 124.4
MT1 (foot-tons-inch) 5598
Displacement (tons) 48594

Vessel Condition

Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 6.0
Draft After Incident (feet) 33.5
Ground Reaction (tons) 2200

Site Conditions

Tidal Range (feet) 9.0

Tidal Condition Low tide

Wind Speed (knots) & Direction 20-25 NE

Bottom Type Rocky
Damage

Forepeak and number 1S cargo tank opened.
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Table B-18

Location o

f Casualty

Port Area

Philadelphia, PA

Specific Site

Entrance to Delaware Bay
Five Fathom Shoal

Vessel Char

acteristics

Type Crude Tanker
Flag Foreign
Length (feet) 740.0

Beam (feet) 90.21

Draft (feet) 42.83

TPl (tons/inch) 135.4

MT1 (foot-tons-inch) 6580
Displacement (tons) 63543

Vessel Condition
Load Coadition Loaded
Direction of Tranmsit Inbound
Speed at Time of Incident (knots) 14.0
Draft After Incident (feet) 39.1
Ground Reaction (tons) 6000

Site Conditions

Tidal Range (feet)

4.9

Tidal Condition

One hour past beginning of flood

Wind Speed (knots) & Direction Calam
Bottom Type Hard
Dawmage

Cargo tanks numbers | and 2 opened.
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Table B-19

Location of Casualty

Port Area

New York, NY

Specific Site

Ambrose Channel,

v1cinitx of Buoy "“"R" 6

Vessel Char

acteristics

Type Container
Flag Foreign
Length (feet) 625.0
Beam (feet) 76.0
Draft (feet) 29.5

TPI (tons/inch) 88.1

MT1 (foot-tons-inch) 3218
Displacement (tons) 25904

Vessel Condition
Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 20.0
Draft After Incident (feet) 24.5
Ground Reaction (tons) 5300

Site Conditions

Tidal Range (feet) 5.0
Tidal Condition Mid-tide
Wind Speed (knots) & Direction 10-15 SsSw

Bottom Type

Hard sand

Damage

Double bottom tanks 1 to 3 opened; number 1 cargo tank flooding.
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Table B-20

Location of Casualty

Port Area Charleston, SC
Specific Site éfé:fsection Mt. Pleasant J

Vessel Characteristics

D e s o

Type Barge Carrier
Flag U.s.
Length (feet) 724.0
Beam (feet) 100.0
’ Draft (feet) 28.0
& TPI (tons/inch) 131.7
MT1 (foot-tons-inch) 5415
; Displacement (tons) 33357 —
Vessel Condition
Load Condition Loaded
- Direction of Transit Outbound
8 Speed at Time of Incident (knots) 12.5
F Draft After Incident (feet) 25.4
! Ground Reaction (tons) 4100

Site Conditions

) Tidal Range (feet) 6.1
? Tidal Condition One hour before high tide
Wind Speed (knots) & Direction 6-10 N
Bottom Type Soft
Damage

Bottom set-up but intact.
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Table B-21

Ty

Location o

f Casualty

Port Area

Morehead City, NC

Specific Site

Beaufort Inlet

Vessel Char

acteristics

Type RO/RO
Flag u.s.
Length (feet) 734.0
Beam (feet) 93.0
Draft (feet) 29.6
TPI (tons/inch) 120.9
MT1l (foot-tons-inch) 4833
Displacement (tons) 33569

Vessel Condition
Load Condition Loaded
Direction of Transit Outbound
Speed at Time of Incident (knots) 15.0
Draft After Incident (feet) 25.8
Ground Reaction (tons) 5500

Site Conditions

Tidal Range (feet)

3.6

Tidal Condition

One hour after high water

Wind Speed (knots) & Direction

8~12 SswW

Bottom Type

Fine sand

Damage

No bottom damage.
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Table B-22

A0 e A e |

Location o

f Casualty

Port Area

Norfolk, VA

Specific Site

Thimble Shoal

Vessel Char

acteristics

:
|
{
]
|
i

Type 0BO
Flag Foreign
Length (feet) 801.8
Beam (feet) 106.2
Draft (feet) 44,2
TPI (tons/inch) 181.0
MT1 (foot-tons-inch) 10041
Displacement (tons) 89887

Vessel Condition
Load Condition Loaded
Direction of Transit OQutbound
Speed at Time of Incident (knots) 10.5
Draft After Incident (feet) 41.4
Ground Reaction (tons) 6100

Site Conditions

Tidal Range (feet)

2.5

Tidal Coandition

One hour after high water

]
)
1
L
# '
]
+

Wind Speed (knots) & Direction 10-15 SsSw
Bottom Type Hard
Damage

Double bottom in way of cargo holds

numbers 1 and 2 opened.
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Table B-23

Location of Casualty

Port Ar:a Boston, MA

Specif.c Site Finn's Ledge

Vessel Characteristics

Type LNG
Flag Foreign
Length (feet) 899.0
Beam (feet) 142.4
Draft (feet) 37.8
TP1 (tons/inch) 257.9
MT1 (foot-tons-inch) 15108
Displacement (tons) 106436

Vessel Condition

Load Condition In ballast
Direction of Transit Outbound
Speed at Time of Incident (knots) 9.0

Draft After Incident (feet) 35.6
Ground Reaction (tons) 6800

Site Conditions

Tidal Range (feet) 9.0

Tidal Condition Mid- »bb

Wind Speed (knots) & Direction 10-15 WNW |

Bottom Type Rocky (
Damage

W )

Bottom damage along turn of bilge from forepeake to number 5
cargo tank; cargo tanks intact.
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Table B-24

Location o

f Casualty

Port Area

Baltimore, MD

Specific Site

Fort McHenry Channel

Vessel Char

acteristics

Type General Cargo
Flag Foreign
Length (feet) 528.0

Beam (feet) 76.0

Drafet (feet) 31.6

TPI (tons/inch) 71.3

MT1 (foot-tons-inch) 2064
Displacement (tons) 22763

Vessel Condition
Load Coundition Loaded
Direction of Transit Outbound
Speed at Time of Incident (knots) 8.5
Draft After Incident (feet) 28.5
Ground Reaction (tons) 2600

Site Conditions

Tidal Range (feet)

1.1

Tidal Condition

Beginning of ebb

Wind Speed (knots) & Direction 10 NW
Bottom Type Sand
Damage
None.
B-25




Table B-25

Location of Casualty

Port Area

Wilmington, NC

Speci‘ic Site

Snow's Marsh Channel

o—
Vessel Characteristics

Type Tanker
Flag u.s.
Length (feet) 705.0
Beam (feet) 102.0
Draft (feet) 37.7
TPI (tons/inch) 148.1
MT1 (foot-tons-inch) 6981
Displacement (tons) 61711

Vessel Condition
Load Condition Loaded
Direction of Transit Inbound
Speed at Time of Incident (knots) 12.0
Draft After Incident (feet) 34.4
Ground Reaction (tons) 5900

Site Conditions

Tidal Range (feet)

4.5

Tidal Condition

Two hours before high tide

Wind Speed (knots) & Direction 10-15 SW
Bottom Type Sand
Damage

Numbers 1 and 2 center cargo tanks leaking.
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APPENDIX D

COMPARISON OF BLOCK COEFFICIENT (Cb) ]
BY SEVEN DIFPERENT METHODS
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APPENDIX E

ALGORITHMS AND ARRAYS
FOR APPLICATIONS PROGRAM
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e

Cain i}

ALGORITHM FOR LOOP TO CALCULATE__A2
FROM A LAST KNOWN DISPLACEMENT OR DRAFT

INPUT: FORI =1T0n
8, i/ = INPUT:

tw(I) SINCE x

! I

§ = § w(D)

8, = A, + 8

INPUT: ARE CURVES OF PORM |
am_ 2/ AVAILABLE?

X
INPUT: | IS Cb AVAILABLE? @ o INPUT:
Ly, By, V AND cb
SHIP TYPE _{:)

[]

PROGRAMMED ARRAY OF |—#{ Cb = f * (1.10736 - 0.55041 * (V//L,))

£ AND g BY SHIP TYPE !

A, = (L1 . By * dmx * Cb) /35

1/ SUBSCRIPT "x" DENOTES LAST KNOWN CONDITION

2/ 1o BE USED WHEN dm_ KNOWN AND A, IS UNKNOWN

E~2

PR R
P A

/

-~
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ALGORITHM FOR LOOP WHEN
"CURVES OF FORM _ARE NOT

AVAILABLE
INPUT: Y INPUT:
dml, Ll' Bl' Dl' | ARE COEFFICIENTS OF Cb, Cw, Cm, AND Cp
SHIP TYPE, AND V FORM (Cb, Cw, Cm,
AND Cp) AVAILABLE?

| J."
PROGRAMMED ARRAY Cb = £ * (1,10736 - 0.55041 * (V//Ll))
OF £ AND g BY ol Cw =g + 0.0702 * Cb
SHIP TYPE Cp = 0.917 * Cb + 0.073

Cm = Cb/Cp
Yo y

8, = (l.1 * B, * dml * Cb)/35

KBl = (Cw;(Cb + Cw)) * dml

BM;, = (Bl * (0.125 * Cw - 0.045))/(dm1 * Cb)
KMl = KBl + BMl

TPI1 = (Ll d Blz‘ Cw) /420

M'rll = (B1 . L, * (0.143 * Cw - 0.0659))/420
LCB; = L, * (0.5 -~ (0.175 * Cp - 0.125))

B
INPUT: LCFl = 0.5 * Ll (V/160 + 0.914)
NO. OF SCREWS AND L_. IF SHIP TYPE = TANKER
FOR CARGO SHIPS, LCF1 = 0.485 * L1 * (V/100 + 0.9)
CRUISER OR TRANSOM IF SHIP TYPE = BULK CARRIER
STERN LCFl = 0.5 * L, (V/135 + 0.924)

IF SHIP TYPE = CARGO SHIP
AND NO. OF SCREWS = 1
LCF, = 0.5 * L, * (0.95/V + 1.03)
IF SHIP TYPE = CARGO SHIP
AND NO. OF SCREWS = 2,
TRANSOM STERN
LCF, = (0.5 * (V/135 + 0.924) + 0.23) * L
IF SHIP TYPE = CARGO SHIP

AND NO. OF SCREWS = 2,
CRUISER STERN

MP PP SRP PR pon——




ALGORITHM FOR LOOP WHEN
"CURVES OF FORM ARE NOT
AVAILABLE

|10 > -

FORI =2 T0On

édm = dm(n-1) - dmn
KMn = KM(n-1)
INPUT: TPI(n-1) - TPI(n-1) .007S * §dm
dmn or An, MT1(n-1) - MT1l(n-1) .025 * 8dm

WHERE dmn = ICB(n-1) - LCB(n-l) .002 * &dm
(an * 35)/(L1 * Bl * Cb) LCF(n-1) - LCF(n-l) .004 * &dm

KMn, TPIn
MT1ln, LCBn
LCFn
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ALGORITHM FOR LOOP TO DETERMINE

ARE K62 AND
LCGz KNOWN?

&2 and I.CG:"1

P

ARE KGl AND
LCGI KNOWN?

N T YU T Y Y T T T T

P .

O

INPUT:

d‘l' [51, 81' Dl' Al'
SHIP TYPE, TRIHI.
AND LCPI

T

=

GM, = 2.816 * (BI/DI) - 1.88

IF SHIP TYPE = CARGO LINER OR CONTAINER SHIP

GM, = 15.86 * ‘51/91’ - 19.62

IF SHIP TYPE = PRODUCT TANKER, CHEMICAL CARRIER

IF SHIP TYPE = BREAK BULK CARGO SHIP OR

GMl = 0.055 ¢ Bl
IF SHIP TY

GM, = 0.065 * ‘1
IF SHIP TY

L 0.075 » B,
IF SHIP TY

GM; = 0.045 * Bl
IF SHIP TY

GM

OR CRUDE CARRIER
GM; = 0.714 * (B,/D;) + 2.2

LUMBER CARRIER

PE = BARGE CARRIER OR RORO SHIP

PE = BULK CARRIER

PE = OBO

PE = LNG OR LPG CARRIER

'

LCGl = IC

KGl s KHI - GHI
TMl = TRIHI * MT1
TAI = ™

1/4,

Bl + TAI FOR AFTER TRIM

= LCB1 - TAl FOR FORWARD TRIM

ﬁﬁﬁﬁﬁﬁ ]
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ALGORITHM FOR LOOP TO DETERMINE

KG, AND LCG,

{CONT'D) ~
ln}
INPUT: 8VM(1) = ] (w(I) * KG(I))
tw(I) FROM CONDITION SLM(I) = § (w(I) * LCG(I))
1 TO 2 AND CORRES-
PONDING KG(I) AND
LCG(I)
TVM = §VM(I) + Al * KGl
TLM = SLM(I) + Al * LCG1
§ =] w(Dn l
‘ KG2 = TVM/A2
A2 = Al + 4 —
LCG2 = TLM/A2
E-6

S |

AR AL Sn kb

ae a &

St T tals B .

|
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ALGORITHM TO DETERMINE R, KG, LCG AND
TRIM AS STRANDED AND AS PROGRESSIVE
WEIGHT CHANGES ARE MADE

INPUT: ARE CURVES OF i INPUT:
1/ UE—

FORM AVAILABLE?

. ] O e,
2)
1)

GO TO ALGORITHM
FOR LOOP WHEN
'I CURVES OF FORM
ARE NOT AVAILABLE

Ty = (TRIM3 * (LCF3/L))

d£3 - dm3 - T3
B
INPUT: R = AZ - A3
dm, 8af = df, - df; | —3
'I' Q = 2 % MT1; * (8Af/R - 1/TPI)
GO TO ALGORITHM 1
ARE CURVES OF FORM | POR LOOP WHEN
AVAILABLE? CURVES OF FORM LCGy = LCF3 - Q
® ARE NOT AVAILABLE 7
y IF Gy = 0
INPUT: THEN LCGp = 1CG
8,, LCF, AND LCB, IF LCGy < 0
THEN LCGp = LCF + Q
IF VALUE OF
LCG, - LCB, = O THEN
daf, = dm,
IF VALUE OF LCG, - LCB,
IS ¥ 0
THEN TA, =
LCG, - LCB,

=

™, = TA, * B,
K

T, = (TRIM, * (LCFy/L)) |g
¢ .

1/ pOSITIVE FOR APTER TRIM
NEGATIVE POR PORWARD
TRIM AND IN INCHES

df, = dmy - T, | B




G ALGORITHM TO DETERMINE R, KG, LCG_AND

TRIM AS STRANDED AND A3 PROGRESSIVE

N MADE

T CcoNT'By

KM4. TPI‘
MTl‘p LCB‘

GG3 = (R * KGz)/A

| ]

K63 = K62 + GG3

[ ]

TM3 = TRIM3 * MT13

k]

TA3 = TH3/A3

. A

LCG3 = LCB3 + TA3

Y

AND LCF4

FORI =1 TON

INPUT 2/: w(I), KG(I), and LCG(I)

ﬁ FORI = 4

SVM(I) = ((w(I) * KG(I))
SLM(I) = ((w(I) * LCG(I))

|

TVM = [ (SVM(I) + (85 * KG3))
TLM = ] (SLM(I) + (A3 * LCGy))

¥

8, =285+ ] w(m

KG4 = TVM/A‘

2/ FOR WEIGHTS ADDED (+),
REMOVED (-), OR MOVED (%)

LCG‘ = TLM/A‘
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ALGORITHM TO DETERMINE R, KG, LCG
AND TRIM AS STRANDED AND AS PROGRESSIVE
WEIGHT CHANGES ARE MADE
(CONT'D)

ITA‘ = LCG, - LCB, ]

[ ™, = TA, * A

K]

4

TRIM, = TM,/MT1, ]
CMigen) = KM 44n)KG 4in)
TRIM (4on) = ™ (44n)/MTL 400, [ GM, = KM, - KG, J
- ™a+n) = TAgen) * B(44n)
. TA
(44n) = LCG 4.0 = LCB .

ANOTHER TRIAL?

END

|

(CONDITION S5, 6 ... M)
g KM (4+n)* TPI(44n)
- MT1 (44n) ¢ LB (44n)
' AND LCF ..
- PORI=1TON
- INPUT: tw(I), KG(I), AND LCG(I)
- FOR I = (4+N) TO M a K ]
. SVM(I) = ((w(I) * KG(I))
. SLM(I) = ((w(I) * LCG(I))
; f ¥
- TVM = [ (SVM(I) + (8 4 1) * KG (g n0))
: TIM = [ (SLM(I) + (8 g4n) * LCG(gun))
Riaen) = 82 = 8(44n) ‘ —Y
: Basn) = B(aen-p * L WD
" KGqen) = TVM/B (44n)
LCG (g4n) = TLM/B (44n)




ALGORITHM FOR MISCELLANEOUS FACTORS

RISE IN KG DUE TO FREE SURFACE, GG'

WHERE, L' = LONGITUDINAL DIMENSION OF FREE SURFACE AREA
B' = TRANSVERSE DIMENSION OF FREE SURFACE AREA

INPUT:

- GG' = (L' * (B')3)/(35 * &)

L' AND B’

d KG
A !
KG' = KG + GG'
RISE IN KG DUE TO FREE COMMUNICATION, GG"
WHERE, a = PREE SURFACE AREA (L' * B')
t = TRANSVERSE DISTANCE FROM CENTER OF a8 TO SHIP CENTERLINE
INPUT: 2
GG" = (a * t°)/(35 * 4)
a (or L' * B')
AND t
KG
A

KG" = KG + GG"

B R I S -
e RN FNEANEY * '\.‘-.,\;n. e .‘;-‘.:’..:-.-‘.‘ ‘).\-'




ALGORITHM FOR MISCELLANEOUS FACTORS

F = R*y

CONT 'D
NET THEORETICAL FORCE, F
PROGRAMMED ARRAY
BOTTOM TYPE u

g SILT - MUD 0.2-0.4 (NO SUCTION)
i SAND 0.4-0.6

. CORAL 0.6-0.8

; ROCK 0.8-2.0 (NOT IMPALED)
p

CHANGE IN R (6R) DUE TO CHANGE IN HEIGHT OF TIDE (§h)

IR

. INPUT:
“ ——0m
t8h
Q —
b—_——_—_’

SR = (28T)/(1l/TPI1 + (Qzl(HTl * L))

TPI —

MT1 —

¢ NEUTRAL LOADING POINT (NP) 1/

O -

NP = (MTl * L)/(TPI * Q)

1/ POINT AT WHICH WEIGHTS CAN BE ADDED/REMOVED WITH NO CHANGE IN R

fry

A SR W

ead IR AR Kb bt
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PROGRAMMED ARRAY POR "f" AND "g" COEFFICIENTS

SHIP TYPE £ g9
BULK CARRIER 1.08 0.306
LPG CARRIER 1.06 0.306
LNG CARRIER 1.04 0.306
OBO 1.03 0.306
LUMBER SHIP 1.03 0.306

PRODUCT TANKER/

CHEMICAL CARRIER 1.025 0.306
CRUDE CARRIER 1.01 0.306
BREAK~BULK CARGO SHIP 1.00 0.306

CARGO LINER
CONTAINER SHIP
RORO SHIP

BARGE CARRIER




ALGORITHM FOR LIGHT SHIP

WEIGHT DISTRIBUTION

INPUT: PROGRAMMED ARRAY
SHIP TYPE, A, DWT BY SHIP TYPE OF BS (I)
L, AND LOA VERSUS Csn (I)
DIVIDE L INTO 40 HALFP-STATIONS (HS(I))
BEGINNING WITH HS(0) AT P.P. AND
ENDING WITH HS(20) AT A.P. AT RQUAL
INTERVALS OF L/40 (I.E., HS(0), BS(0.5),
BHS(1), BS(1.5), « « . . . HS(19) HS(19.5),
AND HS(20))
FOR EACH HS(I), READ STATION CONSTANT
osn(I)
HALF-STATION ORDINATE, Osn(l)
- ~ {C8n{I) * (L/100) * (L/LOA) * (A - DWT
B ] (Cen 1 L L
GRAPH Osn(I), DEPENDENT VARIABLE,
VERSUS HS(I), INDEPENDENT VARIABLE
g
.
-
.b LIGHT SHIP
.. WEIGHT
g DISTRIBUTION
E-13
SRS LS R OO T R L O N .-1-1.‘. N 1L..\.ﬂ.~.‘.~. \_\\.L\\s ;.'s ACATRLSOA
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ALGORITHM FOR DWT
WEIGHT DISTRIBUTION

INPUT:
L, 4, DWT, AND

NUMBER OF
WEIGHT DIVISIONS

o I L(I) MUST = L

INPUT:

LENGTH OF EACH
WEIGHT DIVISION L(I)
WHERE L (1) RUNS
FROM F.P. TO L(1l)

INPUT: j

DWT WEIGHT, W(I)

WITHIN EACH
WEIGHT DIVISION ¥
] FOR EACH L(I), DWT
WEIGHT DISTRIBUTION
= W(I)/L(I)
OVER LENGTH L(I)
FROM ] (L(1-1) TO
J (L(I-1) + L(D))
GO TO COMBINED
TOTAL WEIGHT
DISTRIBUTION
INTEGRATE DWT WEIGHT
DISTRIBUTION ALONG
LENGTH
IF DWT_, = DWT
w
IF DWT, ¢ DWT
DWT,,
E-14
e e e e e e e e e e e T e e e T e L L L e et
I N N A Ay S A T S ..::.._ .‘.“'c." _"-P o T e
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ALGORITHM FOR
BUOYANCY DISTRIBUTION

INPUT:
IF Cb < 0.58
L, B, A, dm, Cm THEN Cb = 0.58
Cb, AND LCG
Lpmb = (1.74 * Cb - 1.002) * L |
—
LEb = (1.186 - 1.17 *Cb) *L |
v
[ Lab = 1 - Lpmb - Lfb
—

b(l) = (0.61 - 0.615 * Cb) * L
b(2) = Lfb - b(l)
b(3) = Lpmb
b(s) = 0.2 * L
b(4) = Lab - b(5)
(S
y(3) = (B * dm* Cm)/35
y(l) = 0.04 * y(3)
y(2) = Cb * y(3)
y(4) = yQ3)
yi(s) = y{2)
y(6) = 0.08 * y(3)

L ]
Y(I) = K * y(I) PORI= 1T0S <‘II
FORI =1 TO 6 A(I) = (B(I) * (y(I) + y(I+1))/2)
[
[;7 ab = ¥ A(D)
[ ]

IF ABSOLUTE VALUE OF
K = 4/8b A-2ab>1

E-15




........
------------
Lol

ALGORITHM FOR
BUOYANCY DISTRIBUTION
e —aaenad A

(CONT'D)

IF ABSOLUTE VALUE
OF A - Ab ¢ 1

y

s Ol A S N Sl A i e

LCB(1) = b(l) * (y(1) + (2 * y(2)))/(3 * (y(1) + y(2)))
LCB(2) = b(1l) + b(2) * (y(2) + (2 * y(3)))/(3 * (y(2) + y(3)))
LCB(3) = b(1l) + b(2) + b(3)/2

LCB(4) = b(1) + D(2) + b(3) + b(4) * ((2 * y(S)) + y(4))/(3 * (Y(5) + y(4)))

LCB(5) = b(1) + b(2) + b(3) + b(4) + D(5) * ((2 * y(6)) + y(5))/(3 * y(6) + y(5)))

Y

PORI =1 TO S
M(I) = A(I) * LCB(I)

'

LCB = | M(I)/ab

(&) i

I7 ABSOLUTE VALUE OF

LCG - LCB > 0.1 "
y(5) + y(5) *3J 1
y(2) = y(2)/3 ‘——1 J = LCG/LCB ]

IF ABSOLUTE VALUE OF . i
ICG - ICB ¢ 0.1

'

BUOYANCY
DISTRIBUTION

LI B I S S S IS IO SR B S
o e e Te "

» ot
'''''' RS

(e SRR S I

P s

A lol Rl




-

r-J INPUT:
SHIP TYPE, A, DWT

BASIC ALGORITHM FOR SHEAR_ FORCE
AND BENDING MOMENT CALCULATION

PROGRAMMED ARRAY BY
SHIP TYPE OF HS(I)
VERSUS Csn(I)

L, AND LOA
= —r— N—
DETERMINE LIGHT SHIP
WEIGHT DISTRIBUTION
INPUT:

DWT ITEMS WEIGHTS AND

| LOCATI ONS (BOTH

IN RELATION TO F.P.
AND LENGTH ALONG
WHICH DISTRIBUTED)

INPUT: 1/
GROUND REACTION ’
EFFECTIVE POINT OF

o APPLICATION, AND

LENGTH ALONG WHICH
DISTRIBUTED RELATIVE
TO F.P.

S

DETERMINE DWT
DISTRIBUTION

COMBINE POR TOTAL
WEIGHT DISTRIBUTION

l

INPUT:

FLOODING WEIGHTS
AND LOCATIONS (BOTH
IN RELATION TO F.P.
AND LENGTH ALONG
WHICH DISTRIBUTED)

INTEGRATE TOTAL WEIGHT
DISTRIBUTION ALONG
LENGTH

ERROR IN INPUT
4 = L.S. WT + DWT +

FLOODING WEIGHT -
GROUND REACTION

|

Aw

|

IP Aw ¥ AJ

1/ GROUND REACTION IS NEGATIVE RELATIVE
TO ALL OTHER WEIGHTS

LR S

Y
[ 17 aw = & )
[]

v

e e e e P O A ~ .
. '-‘\ :_ ..:.\ .,‘ ._'. \.:..ﬂ,.‘ .-\.. < ‘: \'-..f-._h‘.; _)~ ..-\..\~-

LY PO AL 6 LR E S R
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BASIC ALGORITHM FOR SHEAR FORCE
"AND BENDING MOMENT CALCULATION
- CONT'D

Ll

DETERMINE CENTROID
(LCG) OF TOTAL WEIGHT
DISTRIBUTION ALONG
LENGTH

!

LCG

INPUT: DETERMINE BUOYANCY j.— X/‘:I
e
B, dm, Cb, Cm DISTRIBUTION 2/ ALONG

LENGTH

]

INTEGRATE BUOYANCY ADJUST BUOYANCY
- DISTRIBUTION ALONG ORDINATES y (1)
: LENGTH FORI =170 6

!

adb
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Magas ang

2/ BUOYANCY 1S OPPOSITE IN
DIRECTION TO WEIGHTS
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BASIC ALGORITHM FOR SHEAR FORCE
AND BENDING MOMENT CALCULATION
A A e At

(CONT'D)

DETERMINE CENTROID

(LCB) OF BUOYANCY

DISTRIBUTION ALONG
LENGTH

: T ADJUST BUOYANCY
ORDINATES y(2) AND y(5)

IF ABSOLUTE VALUE
OF LCG - ICB > 0.1

'

IF ABSOLUTE VALUE
OF LCG - LCB ¢ 0.1

INPUT: l

LCBn AND MT1n

FROM CURVES OF [— ™| 1IF LCG - LCBn > 0, THEN TRIM IS

FORM FOR dm AFT; IF LCG - LCBn < 0; THEN
TRIM IS FORWARD; TRIM ARM

1S ABSOLUTE VALUE OF LCG - LCBn;
TRIM MOMENT = TRIM ARM * 4
AND AMOUNT OF TRIM = TRIM

MOMENT/MT1n
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BASIC ALGORITHM FOR SHEAR FORCE
AND BENDING MOMENT CALCULATION
CONT'D

IF LCG -~ LCBn = O,
THEN LCBn = LCB,
AND TRIM = 0

!

ALGEBRAICALLY SUM WEIGHT
DISTRIBUTION WITH BUOYANCY
= DISTRIBUTION TO DEVELOP
= LOAD DISTRIBUTION 3/ ALONG
b LENGTH

k i

INTEGRATE LOAD DISTRIBUTION
TO DEVELOP SHEAR FORCE
DISTRIBUTION 3/ ALONG LENGTH

CALCULATE MAXIMUM

ALLOWABLE SHEAR INTEGRATE SHEAR FORCE

FORCE FROM RULE (STILL~ DISTRIBUTION TO DEVELOP

WATER, WAVE-INDUCED, BENDING MOMENT DISTRI-

AND TOTAL) BUTION 3/ ALONG LENGTH
OUTPUT

CALCULATE MAXIMUM
ALLOWABLE BENDING
MOMENT FROM RULE
(STILLWATER, WAVE-
INDUCED, AND TOTAL)

3/ AREA ABOVE ABSCISSA MUST EQUAL AREA
BELOW ABSCISSA FOR THIS DISTRIBUTION
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