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FOREWORD

This volume is the first in a series of four related publications that comprid¢. $hélavy Salvage Manual. The
series collectively replaces the three volumes oful® Navy Salvage Manual issued between 1968 and 1973 and
collectively replaces the six volumes of tHeS. Navy Salvage Manual issued between 1989 and 1993.

Each volume in the series addresses a particular aspect of salvage with the primary purpose to provide practic
information of immediate use to Navy salvors in the field. The secondary purpose is to provide an educationa
vehicle for learning the technical and practical aspects of our business before applying them to the difficult venue
of salvage. These are not cookbooks; they are guidance. Each salvage operation is unique; salvors must u
imagination, intellect, and experience to expand the basic information and apply it to a particular situation.

Volume 1 begins with the basic foundation of naval architecture and its application to marine salvage. The salvor
must have a firm grasp of the principles of naval architecture to understand how ships will react as they grappl
with various salvage problems and to safeguard personnel and equipment. The discussion then expands to salv:
of sunken ships, objects and/or wreck removal, and port opening/harbor clearance. The manual concludes with tl
discussion of time critical afloat salvage of ships dealing with major fires, battle damage, or other serious
casualties. The manual presents practical information and specific techniques previously employed to solve re:
problems associated with actual salvage operations.

Frequently, the demands of the job will call for salvage to be performed in remote locations using old ships anc
limited equipment — situations for which there is no substitute for experience and the good judgment that result:
from a thorough understanding and mastery of the basic concepts and principles. Marine salvage and associat
diving operations are inherently hazardous; well thought out plans and procedures are essential for success. Prud
salvors will study the material in this manual and will take every opportunity to learn all they can about salvage
before they are called upon to practice it.

Salvage is a profession that encompasses multiple fields, is interdisciplinary, and by its very nature requires healtf
doses of technical innovation and improvisation. Keep this manual close to your waterfront, and consult it
frequently.

M. M. MATTHEWS
Director of Ocean Engineering
Supervisor of Salvage and Diving

i (ii blank)
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STANDARD NAVY SYNTAX SUMMARY

Since this manual will form the technical basis of many subsequent instructions or directives, it utilizes the
standard Navy syntax as pertains to permissive, advisory, and mandatory language. This is done to
facilitate the use of the information provided herein as a reference for issuing Fleet Directives. The concept
of word usage and intended meaning which has been adhered to in preparing this manual is as follows:
"Shall" has been used only when application of a procedure is mandatory.
"Should" has been used only when application of a procedure is recommended.

"May" and "need not" have been used only when application of a procedure is discretionary.

"Will" has been used only to indicate futurity; never to indicate any degree of requirement for
application of a procedure.

The usage of other words has been checked against other standard nautical and naval terminology
references.
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CHAPTER 1
INTRODUCTION

1-1 INTRODUCTION. 1-2 MANUAL ORGANIZATION.

Salvors of damaged, stranded, or sunken ships need a padigis manual has three distinct themes that are interrelated —
understanding of the geometry, stability, and strength of intact shipStrandings, harbor clearance, and afloat salvage. Each theme is

Armed with such an understanding, salvors can appreciate how thoSgPported by the earlier chapters that provide an overview of
properties vary in a ship to be salvaged. engineering principles and basic salvage techniques.

Ship calculations made in the field on salvage jobs are not the samh8iS manual is organized into four sections:
precise calculations made in a design office. Approximations and . ) .
assumptions based on information obtainable at the scene must be¢ Section 1. Introduction and Planning (Chapters 1 and 2)
made.
« Section 2: Salvage Naval Architecture (Chapters 3 through 5)
This volume of thdJ.S. Navy Salvage Manual provides an overview
of basic salvage, naval architecture, and engineering principles, and® Section 3: Salvage of Stranded, Sunken or Capsized Ships
serves as a guide and basic reference for U.S. Navy salvors engaged (Chapters 6 through 14)
in strandings, port opening/harbor clearance, harbor salvage, wreck
removal, and ship salvage operations both wartime and peacetime.s Section 4: Afloat Salvage (Chapters 15 through 21)
These engineering principles serve as a basis for the technical
procedures and calculations used when raising, clearing, burying, &hapter 2 provides planning and survey guidance that precedes any
flattening sunken or partially sunken ships. salvage operation. Chapter 3 addresses the geometry of ships and
how the properties of ships are determined or calculated. Chapters 4
Salvors should consider the material in this volume as a starting poiand 5 present ship stability, the effects of weight, and basic ship
and, whether faced with a single sunken ship or a harbor witetrength. Subsequent chapters of this volume and other volumes of
multiple wrecks, give free range to their imagination, creativity, andhe U.S. Navy Salvage Manual address conditions found on certain
ability to innovate. They must have full confidence in their skill andkinds of casualties. Chapters 2 through 5 are background for them all
experience. and should be used with later chapters in this volume and those in
other volumes. In many situations, the complexity of required
Salvage forces are often called upon to provide time-criticapalvage calculations exceeds the scope of thiS. Navy Salvage
assistance to afloat ships dealing with major fires, battle damage, bfanual series. In those instances, the services of a salvage engineer
other serious casualty. This volume of th& Navy Salvage Manual or naval architect should be obtained.
also provides salvors with a basic understanding of the principles and
tactics of afloat salvage. This volume is derived fromJ.S Nawy Ship Salvage Manual,
Volume 1 (Strandings) (1989),Volume 2 (Harbor Clearance) (1990),
and U.S. Navy Ship Salvage Manual, Volume 3 (Firefighting and
Damage Control) (1991). While the combining of these three
volumes reduced duplicity, several factors influenced this revision —
including revised salvage techniques, technological advances, recent
non-traditional threats, and innovative ship designs and revised
missions developed over the last decade to address these new threats.

1-1 (1-2 blank)
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CHAPTER 2
SURVEYS AND PLANNING

2-1 INTRODUCTION. harbors or other sheltered waters are not normally subjected to the
same deterioration caused by sea and marine weather conditions as
Having a well thought-out and organized salvage plan is vital to theffshore salvage casualties. The survey and planning stages are not as
sucess of any salvage operation. A detailed survey of the casualtyne-dependent unless the casualty is an obstruction to a navigation
and salvage site provides the salvor with the necessary backgrousidannel or commercial facility. Access to carpenters, stevedores, and
information from which to form a comprehensive plan. To develop general labor can be hired from local labor pools. Equipment such as
workable salvage plan, salvors must evaluate the position arfibating cranes and barges are typically more readily available.
condition of the ship, understand the complexities of the given
situation and conceptualize the work and methods necessary 202.3 Cargo and Equipment Salvage. In certain cases, saving
accomplish the aims of the operation. Planning must proceed frothe cargo and equipment aboard a casualty may have a higher priority
broadly based tactics covering entire operations to detailed plans fiftan saving the casualty itself. The cargo may pose an environmental
specific ships or other portions of an operation. In all cases, the pldr@zard or may include critical war materials, sensitive military items,
must serve theurpose of the operation; then balance therk to be ~ machinery, or weapons mounts that may need to be removed in a
done with theesources available and the schedulequired. timely fashion. This was the case on the battleships ARIZONA and
UTAH at Pearl Harbor during WWII.
Operational conditions are dynamic and may change several times
throughout the course of the salvage operation. The development 2.4 Wreck Removal. Removal of hazardous or unsightly wrecks
the salvage plan begins when the initial information about théhat have little or no salvage value provides salvors with many
casualty is received. The plan is a living document and continues tiptions. Wrecks are refloated or removed by the most feasible
evolve throughout the operations. method available, without regard for the salvage value of the wreck.
In many of these cases, removal of hazardous materials aboard the
In extensive operations, the salvage plan includes both the harbereck must take place prior to dealing with the wreck. Salvors may
clearance plan that is administered by the senior salvage officer andt the wreck into easily handled sections or refloat and remove the
staff, and the individual ship salvage plans. This chapter addresseasualty in one piece, based on their initial evaluation of which
planning for single ship salvage as well as multi-vessel salvagechnique would be more appropriate.
operations.
2-2.5 Afloat Salvage. The salvage of a vessel that is damaged but
2-2 SALVAGE OPERATIONS. still afloat is called afloat salvage. This type of salvage requires
unique services. Assisting in the damage control efforts aboard the
No classification system can adequately describe all aspects ghip is the first and most useful service that can be rendered by the
maine salvage. A brief examination of the various types of salvagealvor. In this situation, the primary goal of the ship’s Captain is to
can, however, illustrate how varying conditions play a major role instabilize the vessel first, before the salvage plan and engineering plan
the level of effort required in the salvage operations. are implemented.

2-2.1 Offshore Salvage. The refloating of ships stranded or sunk 2-2.6 Clearance. The term “clearance” refers to the coordinated
in exposed coastal waters is called offshore or coastwise salvage. Tireenoval or salvage of numerous casualties in a harbor or waterway.
casualties exposed to swell, currents and weather are the mdsarbor clearance typically follows a catastrophic event such as
vulnerable and difficult on which to work. They tend to deterioratesabotage or an intentional bombing within a port or a severe natural
more rapidly than the casualties in protected harbors. Windows @vent such as a tsunami or hurricane. There may be multiple-
opportunity, for the salvor, created by abnormally high tides or faiobstructions with varying degrees of damage due to collision, fire or
weather may be short lived and not reopen for weeks or monthexplosions. In a CONUS clearance situation affecting navigation
during which time the casualty continues to deteriorate. Salvagehannels, the Captain of the Port plays a major role in determining
assistance must be rapid and effective in order to preserve the valsevage prioritization.
of the ship and cargo. Offshore salvage is conducted from pre-
outfitted salvage vessels and tugs. Portable fly-away dive andarbor salvage jobs may carry with them a sense of urgency equal to
chamber systems may be transported by helicopter or small boat tateat of stranding salvage. When the ship is to be returned to service,
platform of opportunity. Unprotected waters are much less hospitabies military or commercial value and integrity must be retained, and
for the employment of floating cranes, construction tenders, dredgethe salvage operation must proceed quickly so that the ship can be
and accommodation barges. This equipment is designed more f@paired and returned to service as soon as possible. Clearance of
operations in sheltered waters. It takes time and money to locaberths and channels carry a similar urgency, but with an important
salvage ships and marry portable equipment to platforms dfifference—clearance of the berth or channel may be more important
opportunity. In addition, this salvage equipment may not be readilthan the salvage of the ship. Often in such situations, the ships are
available due to prior commitments or long transit time from thesimply refloated and either taken to deep water and sunk, or removed
nearest port. Prior to mobilizing the salvage forces to an offshor® some place where the hulk will not be a problem. In these cases,
area, the salvor should have performed both an accurate and thoroughbre is little point in attempting to preserve the value of the ship or
survey. The survey will assist in ascertaining the casualty’s conditioto avoid further damage. The sole purpose of the operation is to
and provide the proper input to determine the number and type dispose of the wreck as quickly as possible by whatever means and
assets to employ. This is especially difficult in an exposed area. equipment available. In numerous other cases, the urgency is not so
great and the complexity of the job is such that detailed planning and
2-2.2 Harbor Salvage. The term harbor salvage is used for the assembly of resources for the most cost-effective solution is possible.
salvage of ships stranded or sunk in sheltered waters. Casualties in
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In a major harbor clearance with numerous wrecks, priorities are sdifficult. Despite optimum use of reconnaissance and careful
for the work. Wrecks whose removal will yield the greatest resultevaluation of collected intelligence, the information used for
are attacked first. planning will be incomplete. Harbor clearance plans must be flexible

) o o ) to allow changes as additional information becomes available.
Setting priorities for the work and determining the ultimate

disposition of the wreck is one of the first and most important stepslarbor clearance planning is an integral part of the logistical
in the salvage of sunken ships. Tactical, political, and economiplanning for ports that are to be cleared as part of a military
considerations, as well as technical factors all influence how and icampaign. As such, harbor clearance planning must begin early in the
what order work will be performed. campaign planning and must include all organizations involved.

2-3 PLANNING HARBOR CLEARANCES. As early as is feasible, a series of conferences should be held to initiate
planning. These conferences should include at least the naval
A major difference exists between harbor clearance operationsganization responsible for harbor clearance work, the logistics
realting from combat casualties or natural disasters, and theommander within Military Sealift Command, the Military Traffic
clearance of a deliberately blocked port in wartime. In the formeManagement Command (under the U.S. Army Transportation Corps),
case, there will be no information available upon which clearancthe Army Corps of Engineers, and the U.S. Coast Guard (CONUS). As
plans can be based before the casualties occur. Satellite, aetia ultimate user of the facilities, the U.S. Army Transportation Corps,
photography, and other types of reconnaissance can providmlls upon other organizations for services and should chair the
information on blocked ports and give an advance indication of theonferences.

effort that will be required for the clearance.

The specific purposes of these conferences are to:
2-3.1 The Harbor Clearance Plan. The harbor clearance plan
provides the overall plan for the clearance operation. It is administered
and maintained by the senior salvage officer. It provides:

Identify for all participants the facilities in the port that will be
required.

L . .  Establish joint priorities for bringing facilities back into service.
« A statement of the objective of the operation and chain of

command « ldentify the harbor clearance resources that will be required.

« An organizational diagram with names of key personnel + Establish procedures for the dissemination of intelligence

. . . information that will affect the harbor clearance.
¢ The order in which each vessel is to be cleared

« Establish working relationships among the diverse elements that

* The techniques to be employed on each vessel will be working together toward a common goal.

« The disposition of each vessel . ) ) )
Planning should proceed based on the best information available,

¢ Special materials/equipment needed tempered with experience. When planning the resources to be
employed, decisions should be made that favor additional resources
to cover contingencies. It is far better to have an excess of people and
« Contractor support needed equipment on hand than to delay work while additional resources are
brought in. Experience has shown that the same techniques and
» The employment, coordination, and scheduling of personnel angquipment are not universally applicable in every harbor clearance
equipment operation. Specialized personnel and equipment should be identified
and located in the event they are needed.

« Engineering support required

¢ Logistical requirements and schedules for personnel an

equipment Harbor clearance survey teams, with express sites or facilities to

- Communications, record, and report information survey, should enter the port shortly after the assault troops. The
survey teams should have the following specific duties:
¢ Pollution and hazardous material control measures
e Collecting plans and information on cargoes of sunken ships
from the inhabitants of the port, shipping offices, and the ships
e Liaison with interested organizations, particularly the themselves
controlling activity

¢ Overall safety requirements

« Developing information as to how the ships were sunk—
« Consideration for International Safety Management (ISM) Code  particularly, whether they were sunk by combat action or

Procedures deliberately sunk by the retreating enemy
« Consideration for Vessel Response Plan (VRP) Expansion * Taking soundings throughout the harbor and marking charts
. appropriately
« Funding.

« Marking on large-scale charts the locations of all wrecks and
2-3.2 Deliberately Blocked Ports. The military purposes of indications of sunken ships, such as air bubbles and oil slicks
capturing ports are to deny their use by the enemy, for their logistics, ) o o
while at the same time, using the port facilities to move material and * Marking wrecks with signs to prevent other organizations from
supplies required by advancing forces. Retreating enemy forces can Poarding and removing material of use in the harbor clearance
be expected to use their resources to block the waterways, berths, and OPeration. Signs indicating the presence of poison gas have
facilities of the ports that would require clearance before use. When Proven most effective, especially where organic matter is de-
blocking a harbor, it is the enemy’s purpose to make its clearance as COMPOsing, or an unpleasant odor can be emitted by chemicals
difficult, dangerous, and time-consuming as possible. In a skillfully ~ OF Stink bombs.
blocked harbor, wrecks will be stacked one above the other, mined, ,
booby-trapped, and damaged in ways that make their removal

2-2

Locating and laying claim to suitable staging and billeting areas
on the waterfront.
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The results of the initial surveys will be sent immediately to theGenerally, in harbor clearances resulting from combat casualties or
harbor clearance headquarters where they will be used to updatatural disasters, it is possible to follow a well-prepared plan closely.
information gathered before the assault. Significant discrepancidsaison with the organization responsible for the port is of utmost
between the pre-assault information and that gathered by on-sitmportance. There should be daily meetings between the senior
surveys could be expected. Plans are modified based on the bsstvage officer and the port authority to ensure that the latter's
information available. It may be necessary to rearrange the prioritsequirements are being met and that the harbor clearance operation is
list and commence work on facilities where the maximum benefihot interfering with other operations in the port.
may be gained rapidly. Facilities that require a great deal of work,
commitment of resources, and time to clear but are not as high2:3.4 Individual Casualties. Major harbor clearance operations
priority can be salvaged at a later time. are a combination of harbor salvage and wreck removal operations on
individual ships. Each ship is treated as its circumstance dictates.
The harbor clearance plan for deliberately blocked harbors will b&/hen the entire operation consists of the salvage or removal of a
based on the intelligence estimates, modified by the initial survey argingle ship, planning may ignore the operational and logistical
the further development of information as work progressesaspects of dealing with numerous wrecks and concentrate on the
Clearance of deliberately blocked harbors must be coordinated withdividual casualty. The removal of an individual casualty may be
the other organizations working in the area. Because of differing aneiktremely time-sensitive because the sunken vessel blocks a
usually rapidly changing military requirements, the harbor clearanceaterway or berth. As with a major harbor clearance, a salvage
plan must be constantly revised. Daily conferences should be hetifficer, the force salvage engineer and a small team should be sent to
among the harbor clearance organization, Army Transportatiothe site immediately to evaluate the casualty and commence
Corps, and the Corps of Engineers. In these conferences, the joplanning.
priority list prepared before the port was taken can be updated to
meet the Transportation Corps' needs. The conference will allow tHadividual salvage plans are developed for each ship to be cleared.
Corps of Engineers and harbor clearance organizations to effectivelhese plans have two parts: the main body and the supporting
meet the Transportation Corps' needs and stay clear of lines of supplgnexes. The main body contains:
and port rehabilitation work where they would interfere with the
primary work in the port. « Basic information identifying the ship and the condition as it lies

2-3.3 Combat Casualties and Natural Disasters. When port * A general statement of the techniques to be used, with a
facilities are blocked by combat casualties or natural disasters, there summary rationale for the selection (in most situations this is
is no advance warning of the number, type, or condition of the driven by costs)

casualties. All information must be gathered on-site following the

incident, often in an atmosphere of great confusion and competing* An engineering estimate that includes all pertinent calculations
priorities. When such a situation occurs: for the planned refloating or removal

« Local people should begin to assess the situation and act to® An overall schedule

refloat and secure ships and craft needing immediate assistance. )
_ _ ) + Pollution control measures
« An experienced salvage officer, the force salvage engineer and a

small team, should be flown to the scene as soon as possible to. The results of the safety survey and the safety officer's
assess the overall condition and make an initial determination of  recommendations with specific hazards, precautions, briefings,
the resources required. and safety training listed.

* There should be daily meetings between the salvage officer§,
port authority and the Coast Guard (CONUS). This is to ensurg
that requirements are being met and harbor clearance operatioI
are not interfering with other port operations.

he supporting annexes are detailed plans for each phase of the
eration and each techniqgue employed. Annexes may be subdivided
the scope of the work warrants. Each annex contains:

« Mobilization of salvage resources should commence °* A listof all tasks
immediately. Mobilization plans can be modified as additional

information becomes available. « The order in which they will be accomplished

« As the ships that have become casualties are identified, plans' Task schedules
and information on the ships should be requested from « personnel and equipment required
appropriate authorities and sent to the scene.
» Responsibilities by name or job title
Priorities for work are established in a process similar to medical
triage. The first efforts are put into those cases where the return is
likely to be greatest. These include vessels and craft that: « Coordination requirements.

Definition of interfaces with other tasks

¢ Can be used in the harbor clearance work 2-4 SALVAGE SURVEYS.

* Have high operational priorities The purpose of the salvage surveys is to gather information about the

« Are in precarious situations that are likely to deteriorate if nogcasualties by inspecting the ships and the conditions surrounding

tended to quickly them. The primary purpose of a survey is to gather and organize
. . information to be used in developing the salvage plan or plans. The
 Present serious pollution hazards survey is a dynamic process that is never truly complete. It begins as

soon as the first salvor arrives at the salvage site and continues
¥hroughout the operation. The keys to a good survey are verification
of observations and the organization and presentation of the

2-3

« Are relatively simple salvage jobs that can be completed quickl
with minimum resources.
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information collected. A salvage survey form is used as a memor2-4.2 Survey Breakdown. For each individual ship a salvage

aid and assists in organizing the information. There is no perfedurvey must be conducted. The salvage survey can be broken into
survey form; the surveys presented in Appendices L and M, Salvageveral interdependent surveys. These include the following surveys:

Survey Forms, have been formulated as a result of many years'

experience and are very comprehensive. The forms may be modifiede Preliminary

to include information applicable to the particular casualty, to
exclude information that does not apply, and in any other way that *
makes it more useful to the situation at hand.

1)
)
®)
(4)
(®)
(6)
(@)

A survey will report only observations. It is the salvors' task to
interpret the conditions observed and determine what they mean
about the condition of the ship. Like the survey, the interpretation of
the results must be an ongoing process that continues throughout the
operation and is constantly revised, as the survey is refined.

2-4.1 Initial Overall Surveys. Initial overall harbor clearance
surveys should:

¢ Inventory the ships to be salvaged or cleared

« Categorize them by condition

Detailed Surveys

Topside

Interior hull (including machinery)

Diving and exterior hull

Hydrographic

Site safety
Cargo

Pollution potential.

overall harbor clearance surveys.

« Establish priority for their clearance

« Determine the general technique and type of equipment to

This survey must be conducted personally by the senior salvage
officer. Figure 2-1 is a sample form for summarizing the results of

While the senior salvage officer and immediate staff are conducting
Bfe overall survey and preparing the harbor clearance plan, survey

employed. teams commence surveys of the individual vessels.
HARBOR CLEARANCE SUMMARY SHEET  DATE: 8/3 AT: BLOCKED HARBOR
WRECK
NUMBER 1 2 3 4 5 6
MINE ORDNANCE DUMPED
TYPE CLEARANCE | CLEARANCE TANKER CARGO BARGE VEHICLES
RAIL CARS
SECTOR | SECTOR | 100,000 , .
SIZE TONS 300 100’ X 40 (I2VIROABI‘:|I-E
DUMPED SUNK, MAIN | gyNK AT PIER7|  SUNK IN OBSTRUCT
CONDITION MOORED LINES | - oppNANCE DEC%X'TEQDER SECTOR Il | MAIN CHANNEL| PIER 5/6
BLOW WITH PATCH WRECK LIFT AND
CLEARANCE &
SWEEP REMOVE COMPRESSED IN REMOVE
TECHNIQUE AR PUMP PLACE SAVE CRANE
8 U TorchEs | UV TORCH
EQUIPMENT MSB'S COMPRESSORS |  4-6" PUMPS | giyon nane | ool
(ARMY)
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PRIORITY 1 1 2 a 3 ;
IN IN IN
COMMENT COMPLETE PROGRESS COMPLETE START 8/7 PROGRESS PROGRESS
Figure 2-1. Harbor Clearance Sample Summary Sheet.
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2-4.2.1 Preliminary Survey. The preliminary survey, or e Oceanographic conditions, current and at time of stranding:
“desktop survey” verifies information received from the casualty, tides (range, reference station and predictions, access to real-
ship’s company, owners or other observers. All reports should be time tides), direction and height of seas and swells, currents
checked because preliminary observations may no longer pertain or . . .

information important to salvors may have been overlooked. This * TYPe of seafloor at site, soundings along the entire length of
survey should be conducted to assemble as much documented ShiP

information as possible fibout th.e ves;el, 'its.cglntents, anq the salvage Assistance available on scene.

site. The documented information aids in initial evaluation of the

situation and provides starting points for detailed surveys.

2-4.2.2 Detailed Survey. The detailed survey refines the

. i _preliminary survey and collects the specific information in the
The preliminary survey should begin before salvage resources armiVBetajled Survey Form. This includes information on the following
Intact ship information for naval ships may be obtained fromg ..
squadron maintenance officers, ships of the same class, or the Naval
Sea Systems Command. Merchant ship engineering information can
be obtained from the ship owners or their agents. Information on
many merchant vessels is also available through the U.S. Coaste Interior hull (including machinery)
Guard Headquarters or the National Cargo Bureau and the o )
classification society registers. Aerial or satellite reconnaissance of * Piving and exterior hull
the stranding site can also provide basic information about the
casualty. Early information forms a basis for preliminary planning
and initial estimates of the effort, time, and assets required for the « Safety.
salvage. The salvage assets dispatched to the scene are determined by
the information available at mobilization. The ability of the salvage2-4.2.2.1 Topside Survey. The topside survey gathers information
forces to stabilize the casualty immediately will ultimately play aabout the exterior of the ship above the weather decks. Particular
major role in the success or failure of the salvage operation. Th&ems of concern are:
inability to mobilize forces quickly may cause the loss of a fair ] ) ) .
weather window or play a significant role in the deterioration of the * The type, location, safe working load, and operating condition
casualty pushing it beyond the point of salvage. of all deck machinery

« Topside

« Hydrographic

The location and estimated safe working load of tug and beach
gear attachment points including working space for pulling
devices

The preliminary survey paints a general picture of the location and ’
disposition of the casualty, pre and post-stranding drafts (if floating).

The specific information gathered in the preliminary survey will vary « The location and estimated weight of top hamper and
depending on if the casualty is a stranding, capsized ship or a sinking, superstructure if it appears that topside weight must be removed
but will cover the following areas: . . .
« The operating condition of the ship's boats.
Date, time, name and type of casualty 2-4.2.2.2 Interior Hull Survey. The interior hull survey includes
« Location (lat/lon and positioning source of information, chart) the machinery status and condition, which are of great interest to the
salvor. The availability of electrical power, compressed air, deck
machinery, pumps and other equipment can greatly simplify the
« Nearest port and nearest U.S. or support Allied Naval facility salvor’s job. Operational propulsion_ rr_lachinery can assist the refloat
effort and control the casualty once it is free from the beach.
« Extent and type of damage to the ship forward, amidships and
aft drafts and tide state at time of observation The total value of the casualty may be significantly affected by the
condition of the machinery plant. For example, refrigerated goods
may require certain equipment to prevent degradation or hazard
« Point of contact formation. The operating condition of the ventilation systems can
affect the accumulation of dangerous gasses. These gasses need to be
» Solid cargo (type, cargo list or manifest, location and amount) identified and taken into consideration during the salvage operations.

« Builder, owner and age of casualty

¢ Crew status

¢ Hazardous materials (spill likely?) or ammunition onboard

« Status of liquid loading (fuel, fresh water, ballast, other) CAUTION

« Displacement, tonnage

Interior spaces, holds, tanks, or voids should never be
entered until it has been determined positively that they
« Weather conditions, current and forecast: wind (direction and  contain safe breathable atmosphere, or until all hands are

speed), precipitation, temperature equipped with and are using protective equipment and
comply with Chapter 6 of th&).S Navy Salvage Safety
Manual (S0400-AA-SAF-010).

« Status of ships machinery

2-5



S0300-A6-MAN-010

and conclusions about the bottom may have to be drawn from topside

observations alone. The diving survey includes:
CAUTION ¢ The amount of the hull in contact with the seafloor and a

Flooding can severely damage machinery if the water level
rises and falls, exposing saltwater-drenched machinery to
the air.

Casualty machinery should not be operated without the
concurrence of the ships officers. Machinery to be operated
should be inspected for proper alignment to ensure cooling
water, fuel, and lubrication systems are operational. Hull
damage can disrupt machinery alignment. Undamaged .
machinery in dry spaces can be rendered inoperative if sea
chests are blocked or later silted up. Machinery can be
severely damaged if operated without cooling water (It is
often possible to use portable salvage pumps to supply
cooling water through direct connections or deck fittings).
Boiler, gas turbine, and diesel engine fuel supplies may be
lost or contaminated on stranding. Improvised fuel systems .
may be required to restore operations.

The interior hull survey gathers information about the interior of the

ship and its contents. The interior survey includes:

2-4.2.2.3 Diving and Exterior Hull Survey. The diving survey

2-4.2.2.4 Hydrographic Survey.

description of the points of contact

The existence and location of pinnacles

The existence and location of impalement

The location and size of all cracks, tears, and holes in the
underwater portion of the hull and in the portion between the
waterline and the weather deck

The condition of all sea suctions, valves, and fittings and
whether or not they are clear

The condition and operability of all underwater appendages,
including bilge keels, sonar domes, sensors, stabilizers, rudders,
shafting and bearings, and propellers

Signs of leaks or escaping fuels, pollutants, or liquids

The type of seafloor soil and the presence, location, and extent
of scouring or buildup.

The hydrographic survey

Examining in detail the condition and contents of every spacélocuments the condition of the sea and seafloor in the area where

below the main deck

Soundings of all spaces containing liquids

Determining the condition of the main drain system and its
equipment

Determining the location and operating condition of all cargo
and ballast pumps and the arrangement of associated piping and
manifolds

Determining the location and condition of all cargo and stores
and obvious hazards such as flammables and chemicals

Determining the location, weight, cube, and class of all
ammunition magazines and the operating status of the magazine
sprinkler systems and location of their controls .

Determining the location of all structural damage: holes, tears,
cracks, weeping seams, panting bulkheads, etc.

Determining the location, type, and estimated weight of loose or
displaced cargo or equipment

Investigating items of special interest, such as interior areas to ri
beach gear or places to cut holes for connecting points

Determining the availability and location of material that may
be useful in salvage.

operations will be taking place. Included in the hydrographic survey
are:

Comparison of the observed tides with the predicted tidal
information

Determining the strength, period, and times of local currents,
and the durations of high and low water slack and their
relationship to the times of high and low tide

Periodic observations of the sea and swell height period and
direction of seas, and their impact on the salvage operation

Soundings all around the stranded ship in the area where beach
gear will be laid, and in the area in which salvage or other ships
will operate

A seafloor profile chart of the beach gear area to assist in design
of the beach gear legs

When possible, a multi-beam sonar survey of the submerged
wreck and surrounding area.

2-4.2.2.5 Safety Survey. A site survey, including a thorough risk
assessment, is made by the first team to arrive at the salvage site. The
@afety officer shall utilize the Navy's Operational Risk Management
(ORM) Policy as defined in OPNAYV 3500.39 to determine applicable
safety requirements and ensure all identified hazards/risks, assessments
and controls are provide to the salvage officer for incorporation into

briefs, notices and written plans and the salvage plan.

Determining the location and size of any cross-connections for
liquid tanks that could be closed or left open.

2-4.3 Survey Forms. Collected information will be somewhat

different for sunken ships than for stranded ships. Appendices L and

M contain comprehensive salvage survey forms for sinking or

includes the underwater portions of the ship's hull and the exterigtranded ships. As with the form for stranded ships, this form may be
portion of the hull below the main deck. The latter is not normallymodified to fit the circumstances. In surveying sunken ships, survey
underwater but is included in the same survey for continuity anéeams probably will be prohibited from making an orientation walk-
convenience. In some cases, sea conditions may be such tiatough of the ship and usually will not have access to the ship’s of-
diving operations are either impossible or severely limited. Irficers. Survey teams must be led by experienced salvors knowledge-
such cases, the interior survey must be especially comprehensivagle in ship construction who can develop a picture of the condition
of the ship based on the information that the survey team obtains.
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2-4.4 Survey Teams. Rapid, accurate gathering of information
requires well-organized and highly trained survey teams. Information
is prioritized so that the most important information is obtained first.
Personnel making salvage surveys are organized into teams qualified
to look at the portion of the ship that they will be surveying.

A pre-survey orientation walk-through of a stranded ship with its

crew, if available, is essential on large ships and valuable on all
ships. The salvage officer must personally make a complete walk-
through of the stranded ship, preferably in company with his most
experienced people and the stranded ship's officers. First-hand
knowledge is necessary to fitting survey reports together.

Personnel who know hull and machinery systems should make the
interior survey. Personnel with experience maintaining and operating
deck machinery and rigging systems are the best members for the
topside survey team.

The diving team makes the underwater portion of the survey and
suweys the exterior portion of the hull between the waterline and the
main deck. Because of the difficulty of obtaining accurate informa-
tion underwater, the diving team should be led by an especially
experienced salvor. (2)

PORT STARBOARD SHOAL 3)

Figure 2-2. Drafts of Ship for Example 2-1.

(@)

(b)

(©
(d)

(e)
(®
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A series of readings are taken at stations on each bow,
each quarter, and each side amidships as shown in
Figure 2-2. Ten readings are taken at the top of the

swell and ten readings are taken in the trough. The

readings at each station are averaged to determine the
draft at that station.

The averages on the port and starboard bows are then
averaged to determine the draft forward; similarly, the
port and starboard drafts aft are averaged to determine
the draft aft.

The forward and after drafts are averaged.

The observed drafts on the port and starboard sides
amidships are averaged.

The results obtained in steps ¢ and d are averaged.

The average of the results obtained in steps d and e are
averaged to obtain the draft used for salvage
calculations.

In swells, draft readings taken from a boat are the most
accurate.

Whenever drafts are taken, the time, date, and state of the
tide are recorded and drafts are reduced to the tide datum;
normally that datum is the same as that of charts of the
local area. Reduction to the tide datum is required because
the draft readings of a stranded ship vary with the tide.
When ground reaction at datum is known, the effect of tide
on ground reaction can be determined.

PORT STARBOARD EXAMPLE 21
MIDSHIPS MIDSHIPS CALCULATION OF MEAN DRAFT — MEAN-OF-QUARTER
26' 10" 26' 08" METHOD
A ship is grounded as shown in Figure 2-2. The average of ten
draft readings, taken at the top and bottom of the swell, gives the
following results:
Starboard bow 24°09"
PORT STARBOARD Port bow 241
Starboard Midships 26’08"
QUARTER A OnTER Port Midships 26'10"
Starboard quarter  28°02"
Port quarter 28'06"

Determine the mean draft for salvage calculations by the mean-

of-quarter-means method.

2-4.5 Survey Techniques. This chapter serves as a reference
guide for salvage surveys, however, survey technique vary fror &
salvor to salvor and depend upon the casualty itself. There are ide

and techniques for making surveys that have proven useful throu¢ p.
the years. Some of these are described in this section; the list is r
all-inclusive. Salvors should consider the following bullets as &
starting point from which to develop their own methods as theil
experience grows:

* Obtain Accurate Casualty Drafts. Obtaining accurate stranded
drafts is difficult, but they form the basis for many salvage c.
calculations. For instance, the ground reaction calculation i
dependent on drafts; ground reaction shapes much of tr
operation. Effort expended to obtain accurate grounded drafts
well spent.

(1) The Mean-of-Quarter-Means Method is the most accurat
method of determining a casualty's draft. In this method:

Step a, averaging of readings taken on the top and bottom
of the swell has been performed in the data given.

Average the drafts on the port and starboard bow and the
drafts on the port and starboard quarters to determine the
drafts forward and aft:

Starboard bow 24’09" Starboard quarter 28°'02"
Port bow 24’11" Port quarter 28'06"
Draft forward 24’10" Draft aft 28'04"

Average the forward and after drafts:

Draft forward 24'10"
Draft aft 28'04"
Average 26'07"

CONTINUED ON NEXT PAGE
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2-8

EXAMPLE 2-1 (CONTINUED)
CALCULATION OF MEAN DRAFT — MEAN-OF-QUARTER
METHOD

d. Average the observed drafts amidships: .

Starboard amidships 26'08"
Port amidships 26'10"
Average 26’09"

e. Average the results of steps ¢ and d:

Result of step ¢ 26'07"
Result of step d 26'09"
Average 26’08"

f.  Average the results of steps d and e:

Result of step d 26'09"
Result of step e 26'08" .
Mean draft 26'08.5"

NOTE

The amidships draft, determined by averaging draft
readings amidships, may not be the same as the mean draft
determined by taking the mean-of-the-forward and -after
draft. The difference may be accounted for by hog or sag of
the ship's hull. The salvage officer should look for
conditions of loading or of the grounding that explain the
hog or sag.

Determine Ship Movement. Early in the salvage operation, it
should be determined if the ship is moving. The fastest way to
get an indication of movement is to select ranges from natural
landmarks, or, if the depth of water permits, establish reference
pole ranges and observe if the ship falls off the ranges. One
range should parallel the ship's centerline and another should be
on the beam. Alternatively, the heading and bearings of fixed,
easily identifiable objects should be recorded at regular short «
intervals. When no movement is observed for some time, the
interval between readings may be increased.

Determine Hogging and Sagging. If the hull is lifting to the

rising tide or swells, the hull should be checked for hogging or
sagging. Dial indicators installed between frames measure
deflection of the hull. Increases in hull deflection indicate an
increase in hull stresses. Sudden increases may indicate that the
stresses are increasing sharply, that hull failure is possible, and
that changes in loading must be made quickly to reduce stresses.

Note Hull Stress or Distortion. Reports of damage prepared by
the ship can assist in prioritizing areas to be surveyed. Particular «
attention should be paid to secondary damage such as abnormal
bulkhead flexing, cracked seams, hatches and doors that no
longer close, cracking or flaking paint, or other signs of stress or
hull distortion. As these items may indicate more serious
damage, their cause should be determined. The diving team
should be briefed on the location and type of all damage found
inside the hull so that they may check for underwater damage in

the same areas. Frame numbers, spray-painted on the hull, help
diving boat crews to orient themselves along the length of the
ship.

Compare Compartment Names Against Ships General
Arrangement Plans. During the internal survey, all compart-
ment names and numbers should be verified against the ship's
general arrangement plans. An adhesive sticker or spray of paint
next to the label plate will indicate the space has been examined.
Ship's plans should be marked with the locations of all sounding
tubes, access hatches, watertight fittings, fire stations, electrical
control boxes, deck drains, and other items of interest. Damage
control compartment check-off sheets in naval ships are ex-
cellent sources of information on these items. The compartment
check-off list must be verified against the actual locations.

Sound Tanks. All tanks should be sounded frequently and the
soundings compared to those taken before and since the
stranding. In fuel and other oil tanks, the presence of water
should be checked with indicator paste, thief samples, or by
opening the tanks.

Take Underwater Video. Whenever possible, video should be
used for underwater surveys. Video — particularly low-light-
level video — has greater sensitivity and can record more detail
than the diver's eye. Videotapes can be reviewed repeatedly at
the convenience of the viewers. Technical personnel who are not
divers may get a direct visual impression of the condition of the
underwater hull. Videotapes of areas of the hull in contact with
the seafloor, of underwater damage, and of hull appendages and
openings are particularly valuable.

Install Tide Gage. Tides may vary, both in height and time,
from those predicted in the tide tables. A tide gage, like the one
described in Chapter 5, should be set up, and regular readings
taken and compared to predicted tides. Local mariners can often
provide the best information about tides and currents at the
stranding site.

Take Soundings or Perform Hydrographic Survey. A small

boat equipped with a portable depth finder calibrated to the sea
surface speeds up the hydrographic survey. The depth finder's
accuracy should be confirmed periodically with a sounding lead.
Soundings are reduced to the chart datum and plotted on a large-
scale chart or plotting sheet. All pinnacles, coral heads, reef
edges, shoals, and other underwater hazards are marked with a
buoy or highly visible pole. If barges or other ships must be
brought alongside the stranded ship to ensure there is sufficient
water to approach, lie alongside without bottoming, and retract
after loading, salvors should make a particularly thorough depth
survey of the area to be used is made.

Recheck. Checks and rechecks on the initial survey will result

in several visits to the same areas. Uniform observations will
result if the same team repeats the surveys and each member is
responsible for specific items.
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2-4.6 Correlation of Survey Information. The survey will a. Selecting the techniques that will be employed.
produce a great deal of information that must be assembled,
analyzed, and presented in a way that will be useful during the
development of the salvage plan and can be easily revised andc. Correlating the information gathered in the surveys with each
available during the operation. Graphic methods are particularly task.

appropriate for assembling and presenting survey information. Some
methods that have proven successful include: d.

Dividing the techniques into logical steps or tasks.

Estimating the time to complete each task.

e. Organizing the tasks into a schedule (First, tasks that must be

* A master status board displaying the most significant completed in sequence are scheduled in order. Next, tasks that
information. (The status board should include information in can start or finish independently or in parallel with other tasks
which changes may impact the operation. Such information may are scheduled).

include tank soundings, deck machinery status, ballast ) ) ) )
condition, cargo offload, etc. Major tasks and the target dates for -~ Matching equipment and personnel with tasks to obtain the

their completion and a daily schedule of activities should be most efficient combination (Rearrangement of the schedule
included. The status board should be displayed where all salvage ~ May be required to balance the tasks with resources).
personnel can see it.) g. Selecting a target refloating date that balances preparations
] ) ] ] with the maximum expected tides (Factors such as having a
* Marked-up profile and plan views of the ship showing damage, dry-dock available, weather, or permission to enter a safe

flooded spaces, patches, repairs, work-arounds, etc. (These haven may influence the target date).
should be kept up to date as the operation progresses. Damage

control plates on Naval ships give three-dimensional views and h-  Improving the completion date by reevaluating the plan to
are well suited to this use.) revise the organization of tasks and the allocation of resources.

¢ | . | . -5.2 Salvage Plan Development. Development of the salvage
+ Computer programs for salvage operations currently exist anfjan parallels the salvage operation. A preliminary salvage plan

are effective. These programs are excellent ways {0 StOrgeeions during the early portion of the stabilization phase and
retrieve, and manipulate data from the surveys and to convel oives into a detailed plan for refloating

them into a useful format.

The preliminary plan develops as information is received from the
2-4.7 Retention of Information. An accurate historical file must stranded ship and is confirmed in the surveys. This plan forms the
be maintained of all surveys, salvage plans, actions taken, angundation of the refloating plan.
equipment and material used during the operation.

The refloating plan divides the refloating effort into logical tasks and
Photographs and video tapes are to be included in the file. Thigctedules them in the order in which they are to be completed.

information will be used in preparing the final salvage report and as . )
support documentation when requesting reimbursement. Choices must be made during the salvage plan development whether

taks are to be performed in parallel or sequentially. The choice is
2-5 THE SALVAGE PLAN. influenced by the experience and composition of the salvage crew. To
expedite the operation, many tasks should be performed in parallel with
The salvage plan enumerates the work to be done, matches it with #@equate supervision and without mutual interference and a decline in
reurces available, schedules it, sets forth the responsibilities shfety. Many salvage operations have been delayed because of attempts
individuals and organizations, and provides a vehicle foto undertake more tasks simultaneously than could be coordinated.
coordination of all salvage efforts to meet target dates and times. THaring critical portions of the operation, the number of tasks
development of the salvage plan begins when the initial informationndertaken in parallel should be minimized.

about the casualty is received and continues throughout the operatign. .
A good salvage plan: 2-5.3 Salvage Plan Organization. The salvage plan has two
major parts: the main body of the plan and the supporting annexes.

The main body contains the following:

» Takes personnel safety into consideration

« Basic information to identify the ship and the condition of the

* Coordinates  harbor  clearance ~work with operational  granding, such as the ship's name, dimensions, hydrostatic data,
requirements of port users and other work in progress in the port  |5cation of stranding, etc.

¢ Includes work schedules * An engineering estimate prepared by the salvage engineer or the
senior salvage officer, that specifically includes calculations for:

* Includes cost estimates .
(1) The ground reaction

« lIdentifies, assigns, and schedules resources (2) The freeing force

« Is dynamic and subject to constant revision (3) Location of the neutral loading point, if applicable
. Identifies areas of weakness (4) Stability — both aground and afloat

(5) Strength of the hull girder, damaged areas, attachment
« Is the responsibility of, and is approved by, the senior salvage points, and rigging

officer. . . "
(6) A summary of the rationale for selection of specific

retraction and refloating techniques based on sound

2-5.1 The Planning Process. The steps in the planning process ° k )
engineering practices

are:

29
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(7) Hydrographic information, including data gathered duringA sound salvage plan, a well-executed operation, and a correctly
the detailed hydrographic survey, displayed in appropriat@repared report are hallmarks of professionalism.
charts and tables. Dangerous waters, danger bearings, danger
sectors and other navigation information should be provide@-6.1 The Post Salvage Operations Report. The Post Salvage
for use by ships and boats engaged in the salvage operatidDperations Report is a letter report submitted to Commander, Naval
Action taken to mark isolated dangers, establish tide gage§ea Systems Command following each salvage operation. The report
navigational ranges, etc., is included. may be used outside the Navy and should be complete, accurate, and

. . - ) . explicit in detail. The purposes of this report are to:
« Potential pollution and specific pollution control techniques and

response resources, and pollution control's impact on the salvage

: » Provide a basis for reimbursement to the Navy for salvage costs
operation.

or for a salvage claim by the Navy against the owner when

. The results of the safety survey and the safety officers VeSSels other than Navy ships are salvaged

recommendations should be detailed with specific hazards . ) ) L )
identified and precautions listed. Action necessary to comply * Provide a basis for reimbursement of participating units for
with the recommendations, including safety briefings and  €duipment losses and out-of-pocket expenses

training, is listed. o
« Document salvage efforts that may be used in litigation

The supporting annexes are detailed plans for each refloating

technique used. Some of these annexes may be subdivided into» Document the operation and its costs for fiscal support
appendices or additional annexes if the scope of the task warrants.

The more complex the operation, the greater the number of « pocument the operation for historical and training purposes.
supporting annexes. The annexes should contain a list of all tasks, the

order in which they will be accomplished, the resources assigned &ection 4 of Commander, Naval Sea Systems Command Instruction
each task, a schedule, and assignment of responsibilities by name4qu0.8 (series) provides detailed preparation and submission
job title. Integration with and interfaces between techniqueﬁ)rocedures for the Post Salvage Operation Report.

described by other annexes should be identified.

2-6.2 The Salvage Technical Report. The Salvage Technical
eport is an optional letter report submitted to Commander, Naval
a Systems Command following each salvage operation or at any

When the size and complexity of the operation requires an inten
maragement effort, a separate coordination annex is prepared. A tag|
list shqwmg start t|mes, dufa""“ qnd completion times, anq Bther time. This report is intended for the internal use of naval
supporting resource list showing equipment and personnel assign ivities. The purposes of this report are to:

to each task, is included, along with the task sequence and a task- ' '

versus-time chart. « Provide information on the performance of salvage equipment to

As the salvage plan and its supporting annexes are being developed, the Supervisor of Salvage
the salvage teams commence work. Often, the work will begin before o . . . _
the annex is complete. Close supervision of work started before the® Provide information on both effective and ineffective salvage
completion of planning is necessary to ensure the work remains in techniques and procedures
conformance with the plan and its intent so that effort is not wasted.

¢ Provide information on safety problems and solutions
2-5.4 Summary. Ship salvage is difficult and complex work that
requires careful planning. Although a good salvage plan will not * Provide recommendations based on field experience, which will
ensure success, an operation that is not well planned and thought-out improve the effectiveness of salvage equipment and procedures.
has little chance of success. The survey and the planning processes
are dynamic. Several surveys will be taken in the course of th@ection 5 of Commander, Naval Sea Systems Command Instruction
salvage operation and the original salvage plan may be modified 4340.8 (series) provides detailed preparation and submission pro-
circumstances dictate. cedures for the Salvage Technical Report.

2-6 SALVAGE REPORTS. Salvage reports are important documents and deserve -careful

preparation and close attention to detail and accuracy. Good salvage
Following the operation, reports are prepared in compliance witheports are as much the mark of a professional salvor as a well-
Commander, Naval Sea Systems Command Instruction 4740&xecuted salvage operation.

(series) and other current directives. The reports are used as:
Supervisor of Salvage office is the contact point for all salvage

« Historical records of operations reports and technical reports. TWA Flight 800 Salvage Report, can
be accessed online under the Supervisor of Salvage URL
» Training documents www.supsalv.org/.

* A basis for reimbursement of participating units for equipment
losses and out-of-pocket expenses

* A basis for claiming reimbursement to the Navy for operations

undertaken for other Government agencies, foreign govern-
ments, or commercial interests.
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CHAPTER 3
BASIC SALVAGE NAVAL ARCHITECTURE

3-1 INTRODUCTION. 3-2.1.1 Reference Lines and Planes. The reference lines and
planes used to locate points on ships are:

This chapter addresses the geometry of ships and how the properties

of ships are determined or calculated. TiSalvage Naval e The Forward Perpendicular (FP): A vertical line through the

Architecture Section, comprising Chapters 3 through 5, presents ship  forward extremity of the design waterlirethe waterline at

stability, the effects of weight, and basic ship strength. Subsequent which the ship is designed to float.

chapters of this volume and other volumes oflth® Navy Salvage ) ) )

Manual address conditions found on certain kinds of casualties. * The After Perpendicular (AP): A vertical line at or near the

These three chapters are background for them all and should be used Stern of the ship. In naval practice, the after perpendicular is

with later chapters in this volume and those in other volumes. In  through the after extremity of the design waterline, while in

many situations, the complexity of required salvage calculations Merchant practice the after perpendicular usually passes through

exceeds the scope of thisS. Navy Salvage Manual series. In those the rudder post.

instances, the services of a salvage engineer or naval architect shoulg

be obtained.

The Midships Plane: A plane passed athwartships halfway
between the forward and after perpendiculars. The Midship

Secti MS) is the int ti f the midship pl ith th
Salvors of damaged, stranded, or sunken ships need a basic under- m%?c;gg éu”_) 'S the Intersection of the midship plane Wi €

standing of the geometry, stability, and strength of intact ships.

Armed with such an understanding, salvors can appreciate how thoses The Centerplane: A vertical plane passing fore and aft down the
properties vary in a ship to be salvaged. Understanding the properties center of a ship. The Centerline (CL) is the projection of the
of intact ships allows salvors to: centerplane in plan or end views of the hull.

The Baseline (BL): A fore-and-aft line passing through the

* Make soundly based approximations and assumptions which lowest point of the hull

ensure that calculations are on the "safe side"

» Understand the behavior of the damaged shi

1=}

» Have greater skill as salvors. cL

Ship calculations made in the field on salvage jops
are not the same precise calculations made i a

design office. Approximations and assumptions
based on information obtainable at the scene mpst \\
be made. BL

3-2 THE GEOMETRY OF SHIPS.

POINT IS:
For any ship, the hull form chosen by the designer 15: TO STBD OF CENTERLINE (TRANSVERSE)
d - et 20' AFT OF FP (LONGITUDINAL)
determines the stability and strength characteristits. o Agove BASELINE (VERTICAL) > 15' |~
To work effectively with these characteristics, the — p
form of the ship must be described in a standdrd 10’
way. A ship is a complex shape that can be BL
accurately defined by comparing it with two- and cL

three-dimensional figures. Knowledge of the
geometry of ships is necessary to the understanding
of ship stability and strength.

Figure 3-1. Locating a Point In or About a Ship.

3-2.1 Location of Points Within a Ship. Because a ship is @ 3.2.1.2 Location of Points. The position of any point in the ship
three-dimensional object, references must be established for locatiggn pe described by measuring its:

points in, on, and about the ship. The position of any point in the ship . .
can be described by measuring its position from reference lines and* Height above the baseline or keel
planes.

« Position to either side of the centerline

« Position fore and aft from the midships section or from one of
the perpendiculars.

For instance, a point may be 10 feet above the baseline, 15 feet to
starboard, and 20 feet abaft the forward perpendicular. Figure 3-1
shows where this point lies and how the three coordinates describe its
exact position.
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3-2.2 Measurement of Ships. In describing a ship, some special « Reserve Buoyancy: The watertight volume between the
terms and relationships are used that have precise meanings. The waterline and the uppermost continuous watertight deck is the
salvor must be familiar with these terms to understand the principles reserve buoyancy of the ship. It is available to enable the ship to
that are being discussed. This paragraph defines some of the terms take on additional weight.

used in describing the geometry of ships.

* Moment of Inertia (I): The moment of inertia is a measurement

3-2.2.1 Principal Dimensions. The principal dimensions of a ship of a plane surface's resistance to rotation about an axis in the
are length between perpendiculars, beam, draft, and depth. These same plane. The magnitude of moment of inertia depends upon
quantities are defined as: the shape of the surface and varies with the axis used for

rotation. The moment of inertia is measured in the fourth power

Length Between Perpendiculars (LBP or L): The horizontal of a linear unit such as féair inche8 or a combination of both.

distance between the forward and after perpendiculars is the
length between perpendiculars. Length between perpendiculars. Tonnage: Tonnage is a description of the cargo capacity of a
is measured in feet. merchant ship. Tonnage is a volume measurement and does not

Beam (B): The breadth of the ship at the broadest point is the indicate displacement.

beam. Beam is measured in feet. « Trim: Trim is fore-and-aft inclination. Trim is measured as the
difference between the drafts at the forward and after
perpendiculars. Ships designed to have drag (a deeper draft aft
than forward) have zero trim when floating at or parallel to the
design drafts. Excessive trim, usually considered to be more
than one percent of the length of the ship, can be dangerous
because it increases the danger of plunging (sinking by the bow
or stern).

Draft (T): The vertical distance between the waterline and the
deepest part of the ship at any point along the length is the draft.
Draft is measured in feet. Drafts are usually measured at the
forward (draft forward, J and the after perpendiculars (draft

aft, T). The mean draft (), frequently used in salvage

calculations, is the average of the forward and after drafts. The
draft is assumed to be the mean draft if the point at which the

draft is taken is not specified. The navigational draft of a shigzgicylated values can be no more accurate than the measurements

accounts for sonar domes, pit swords, and other underwatghon \which they are based. Final values should be rounded to the

gglicjze?:t%gness. The navigational draft is never used for s""I"""Qb"?ecision of the least accurate measurement. If, for example, the long
ulations.

side of a rectangle is measured to within the nearest half foot, and the
Depth (D): The distance between the baseline and the uppethort side to within the nearest inch, the calculated area should be

most watertight deck is the depth. Depth is measured in feet. rounded to the nearest half square foot.

3-2.2.2 Other Measurements. Some other measurements, in The effects of accuracy should be taken into account when making
addition to the principal dimensions, used in describing ships includeneasurements and calculations. Longitudinal ship dimensions and

3-2

i stability parameters are usually much larger than their transverse and
Length Overall (LOA): The maximum length of the vessel, erical counterparts. A 5-foot variance in the measurement of the
including any extensions beyond the perpendiculars, usually, bytnqih of 4 400-foot ship gives an error of only 1.25 percent, while a
not always, on centerline. Length overall is measured in feet. 5 ¢qot variance in the measurement of the same ship's 50-foot beam
Length on Design Load Waterline (LWL): The length along thefepresents a 10 percent error. In general, longitudinal measurements
centerline at the waterline in the ship's design loaded conditiof"d calculations can be taken to the nearest foot. Transverse and
is the length on design load waterline. Length on design loa¥ertical measurements should be accurate to the nearest inch to
waterline is measured in feet. support calculated values to the nearest inch or tenth of foot.

Freeboard (F): The distance between the waterline and th&hen measurements and calculated values are converted to different
uppermost watertight deck at any location along the ship isinits, the answer should be carried to the number of decimal places
freeboard. Freeboard is measured in feet. that will maintain the same precision. For example, an inch is one-

. . . twelfth, or approximately one-tenth of a foot. A measurement taken
Displacement Volume (V): The displacement volume is theyg the nearest inch should be rounded to the nearest tenth when
total volume of the underwater hull. Displacement volume iSconverted to feet. In the same manner, measurements made to the
measured in cubic feet. nearest eighth-inch should be rounded to the nearest hundredth-foot,
Buoyancy (B): An object partially or wholly immersed in water while measurements to the nearest sixteenth-inch shogld be _rounded
will experience an upward push called buoyancy. The force of° the nearest five-thousandths (0.005) of a foot. This is particularly

buoyancy is equal to the weight of the volume of water thdmportant when very precise plating thickness, normally measured in
object displaces. inches, is converted to feet.

Displacement (X Displacement is the weight of the water 3-2.3 Coefficients of Form. Coefficients of form are dimension-
displaced by a ship or other submerged object (displacemetss numbers. When multiplied by the appropriate principal dimen-
volume multiplied by the density of the water), usually given insions, they yield the areas and volumes of the hull. Coefficients of
long tons. Displacement is thus equal to the force of buoyancferm are developed from the line plans by calculating an area or
acting on the submerged object. For a freely floating ship irvolume for the actual hull form and then dividing it by the area or
equilibrium, the forces of weight and buoyancy must be exactlyolume of a geometric body formed by the principal dimensions. The
equal and opposite; displacement is equal to the weight of tH@llowing paragraphs describe the coefficients commonly used in
ship and all other material onboard. For a ship resting on thgalvage. Table 3-1 gives sample coefficients for different types of
bottom, completely or partially submerged, displacementships.

(buoyant force) is less than the total weight. At 64 Ibs per cubic

foot, 35 cubic feet of seawater weigh one long ton (2240 Ibs);

displacement can thus be calculated by dividing displacement

volume by 35. For fresh water at 62.4 Ibs per cubic foot, the

corresponding number is 35.9, commonly rounded to 36.




Table 3-1. Sample Coefficients of Form.
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3-2.3.1 Block Coefficient (Cg). The block
coefficient is the ratio of the volume of a ship at a

Block Midships Waterplane particular draft to a rectangular block of the same
Type Ship Coefficient Coefficient Coefficient Iengt.h,. breath’ and draft as the Sh!p' ,BIOCk
Cs Cy Cwp coefficient varies from about 0.5 for a fine-lined
- - ship to 1.0 for a rectangular barge. The block
Cruise Ship 0.597 0.956 0.725 coefficient allows displacement to be determined
Ocean Cargo 0.775 0.992 0.848 directly from the principal dimensions. The block
coefficient is equal to:
Tanker 0.757 0.978 0.845
Replenishment Ship (AOR-1 Class)  0.646 0.980 0.981 Cg = v
Great Lakes Freighter 0.874 0.990 0.918 LxBxT
Aircraft Carrier (CV-59 Class) 0.578 0.984 0.729 To determine displacement:
Battleship (BB-61 Class) 0.594 1.000 0.694 V= CB xLxBxT
Cruiser (CGN-38 Class) 0.510 0.810 0.780 Cg xLxBxT .
Destroyer (DD-963 Class) 0.510 0.850 0.760 A= T (saltwater) in Long Tons
Frigate (FFG-7 Class) 0.470 0.770 0.750
Cg xLxBxT
Harbor TUg 0.585 0.892 0.800 = (fresh Water) in Long Ton
. . . 36
Coefficients of form for all U.S. Navy ships can be obtained from Naval Sga o
Sygems Command, Code 55W. Coefficients of form for merchant vessels gre Figure 3-2 shows the block coefficient
available from the National Cargo Bureau, telephone (212) 785-8300. The relationship.
name and type of vessel must be provided to access the data files.

Figure 3-2. Block Coefficient Relationship.

NOTE

A ship passing from saltwater into fresh water will not
change displacement but will change displacement volume.
The draft will increase in the ratio 36/35. When the ship
passes from fresh water to saltwater, the ratio is reversed to
35/36 to determine the decrease in draft.

NOTE

Throughout these first four chapters, a single method of
making calculations is presented. Other methods exist and
may be useful under certain circumstances. A summary of
other relationships is given in Appendix C without detailed
explanations.

EXAMPLE 3-1
CALCULATION OF DISPLACEMENT VOLUME AND
DISPLACEMENT

A ship is 500 feet long with a beam of 52 feet and a draft of 22
feet; the block coefficient is 0.75. What is the:

a. Displacement volume?
b. Displacement in saltwater?
c. Displacement in fresh water?

(1) Displacement Volume
V =CgxLxBxT

where:
Cg = Block Coefficient - 0.75
= Length - 500 feet
= Beam — 52 feet
= Draft - 22 feet

—

B

T

V =0.75x500 x 52 x 22
V =429,000 cubic feet

(2) Displacement in Saltwater

V
A = — saltwater
35

A = 12257tons
(3) Displacement in Fresh Water

\%
A =— freshwater
f 36

Af = 11917tons
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3-2.3.2 Midships Section Coefficient (Cw). The midships

section coefficient is the ratio of the area of the midships sectio
(Ay) at a particular draft, to a rectangle of the same draft and bread
of the ship. The midships section coefficient varies from about 0.8 fg
fine-lined ships to 1.0 for a rectangular bargg.i€equal to:

BxT

Cm
Figure 3-3 shows the midships coefficient relationship.

3-2.3.3 Waterplane Coefficient (Cwp). The waterplane coef-

ficient is the ratio of the area of the waterplang,{)Ato a rectangle
of the same length and breadth of the ship. The waterplan
coefficient varies from about 0.7 for a fine-lined ship to 1.0 for a

rectangular barge. { is equal to:

Anp

C =
WP LxB

Figure 3-4 shows the waterplane coefficient relationship.

3-2.3.4 Tons Per Inch Immersion (TPI). One of the most useful
characteristics of a ship is tons per inch immersion, or the amount
weight that when added or removed from the ship will change it
draft by one inch. Tons per inch immersion is measured in long tons.
To understand the principle of tons per inch immersion, consider
barge with straight sides and ends:

The salt water displacement of this barge is:

CB xLxBxT
A=—  (saltwater) in Long Ton
35

Since @ = 1.00 for the barge described, the displacement is equal tq:

Figure 3-4. Waterplane Coefficient Relationship.

LxBxT )
A=— (saltwater) in Long Ton

35
Then for any one-foot slice of the barge, T = 1 and the displaceme EXAMPLE 3-2
of that slice becomes: CALCULATION OF TONS PER INCH IMMERSION
LxB . A ship is 350 feet long with a beam of 42 feet. The waterplane
A= a5 (saltwater) in Long Ton coefficient is 0.75. What is the tons per inch immersion?
Carrying the logic one step further so that the slice is now one inc CWP xLxB
thick, and recognizing that for the barge L x B g\ or the area of TPI =
thewaterplane, the displacement of the slice becomes: 420
0.75% 350x 42
% Pl =—
A= 420
35%x 12
TPl =26.25

The displacement of the one-inch slice is the amount of weight the
mug be added or removed from the ship in order to change the dre
one inch. This is the tons per inch immersion. For a ship shape, it
expressed as:

A C xLxB A
TPI = oo TPl=——— and TPl =——
35%x 12 35x12 420
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3-3 SOURCES OF INFORMATION. 3-3.1.6 Height of the Transverse Metacenter (KMr). This
curve gives the height of the transverse metacenter above the keel. To

One of the best places for salvors to find information about théind the value of KM, enter with mean draft, read horizontally to the

structure of a ship is onboard the ship itself. Information such akKM curve, then read down to the scale.

curves of form, total displacement, and height of the center of

buoyancy above the keel are generally found in the Chief Mate’8-3.1.7 Moment to Change Trim One Inch (MTI). The approx-

office or Ships Office. Ships Plans, along with the Trim and Stabilitimate moment to change trim one inch is determined by entering with

booklet, contain the key information needed in the event of a casualtyiean draft, reading horizontally to the MTI curve, and reading up to

or for planning a salvage operation. Tankers typically have loadinthe MTI scale. This value is used in salvage operations to determine

instruments indicating which tanks are full and which are emptythe effects on trim of weight removals, additions, or redistribution.

This information is vital in determining hull stress. Computer

programs such as Cargo Max are used for loading and unloading NOTE

vessels and utilized in salvage and damage control scenarios. If the

ship’s plans and other information have been damaged during a Additional information may be found in the Curves of

catastrophic event, the designated flag state or organization that Form of other classes of ships.

approved the trim and stability of the ship would be an off-site source

of information. For U.S. flagged ships, the U.S. Coast Guar®-3.1.8 Displacement Correction for Trim. A correction to

Maritime Safety Center would hold the information. Organizationsdisplacement for trim is required to obtain total displacement if the

such as American Bureau of Shipping or Lloyds Register of Shippintpngitudinal center of flotation (the point about which the ship trims)

may also be excellent sources of ships plans and information fas not at the midships section.

specific ships. Some of the key pieces of information are listed in the

following paragraphs. Because a ship trims about the center of flotation,

3-3.1 Curves of Form. The Curves of Form, also called « When the LCF is aft of amidships:
Displacement and Other Curves or Hydrostatic Curves, are graphic

representations of the properties of a ship that depend upon the (1) Trim by the stern decreases midships draft
underwater form or shape of the ship. These curves show the variation

of the properties of a ship with changes in draft. They are among (2) Trim by the bow increases midships draft
salvors' most valuable tools because they give exact values of the ship's

properties and eliminate the necessity to estimate these properties whem When the LCF is forward of amidships:

making salvage calculations. The vertical scale is feet of mean draft,

while the bottom horizontal scale is tons of displacement. When dis- (1) Trim by the stern increases midships draft
placement tons are not appropriate units, other scales or scale factors are

provided to convert the readings into the proper units. Figure FO-1is a (2) Trim by the bow decreases midships draft.
complete set of Curves of Form for an FFG-7 Class guided missile

frigate. In this figure, the curves are labeled by name. A brief explanaisplacement increases or decreases in the same way as midships
tion of the use of each curve is presented in the following paragraphs.draft.

3-3.1.1 Total Displacement. The displacement curve gives the A correction can be applied to the midships draft to determine an
total displacement of the ship in saltwater. To determine displacemer@guivalent mean draft that will give an accurate displacement from
enter with mean draft and read horizontally across to the curve, théhe displacement curve (defined in Paragraph 3-3.1.1).

read down to the corresponding displacement. To determine the

displacement in fresh water, multiply the displacement in saltwater byhe correction is determined by:

35/36.
dxt

3-3.1.2 Height of the Center of Buoyancy above the Keel TC =
(VCB). The height of the center of buoyancy is determined by L
entering with mean draft, reading horizontally to the curve labeled
VCB, then reading down to the scale. where: ) o

TC Correction to mean draft for trim in inches
3-3.1.3 Longitudinal Position of the Center of Buoyancy d Distance from the midship

Trim in inches

(LCB). The longitudinal position of the center of buoyancy is given as a t . .
Length between perpendiculars in feet

distance abaft the midships section. LCB is determined by entering with

mean draft, reading horizontally to the curve, then reading up to the scale. ) ) ) ) )
The trim correction is applied to the mean draft to obtain an

equivalent mean draft £f) as follows:

3-3.1.4 Longitudinal Center of Flotation (LCF). Like the
curve for the longitudinal center of buoyancy, the curve for the-l- =T, +TC
longitudinal center of flotation provides a position relative to the FQT M
midships section. The distance is determined the same way as the
longitudinal center of buoyancy. Teo=Tu-TC

LCF aft of midships with trim by the stern, or
LCF forward of midships with trim by the bow

LCF forward of midships with trim by the stern,

LCF aft of midshi ith trim by the b
3-3.1.5 Tons Per Inch Immersion (TPI). This curve provides an or aft o miciships with trim by the bow

alternagve to the calcqlatlon of TPI given m.Ea@gtaphﬁ.—Z.C%A. T%ntering the displacement curve (Paragraph 3-3.1.1) with the
determine TPI, enter with the mean draft, read horizontally to the TRlquivalent mean draft will give an accurate displacement.

curve, then read down to the scale. The values given are for saltwateca

only. Tons per inch immersion in fresh water may be obtained by

multiplying the value from the curve by 35/36.
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Alternatively, the change in displacement can be calculated b§-3.4.1 Liquid-Loading Diagram. The liquid-loading diagram is
multiplying the trim correction (TC) by the tons per inch immersiona series of plan views of the ship showing all tanks and voids fitted
(TPI) (defined in_Paragraph 3-2.3.4) and adding or subtracting, &sr carrying liquids. Figure 3-5 shows the format in which the
appropriate, the product from the original displacement obtaine¢bllowing information is presented for each tank:

from the curve.

NOTE

This method of calculating the change of displacement with
trim is valid only when trim is less than one percent of the
ship's length. When trim is greater than one percent of
ship's length, an accurate displacement can be obtained
only by calculating the displacement directly from the
ship's characteristics.

3-3.2 Inclining Experiment. An inclining experiment is a test

Tank location and boundaries
Compartment number (center)

Long tons of seawater to completely flood the compartment,
allowing for permeability (upper left hand corner)

List in degrees caused by completely flooding the compartment
(upper right hand corner)

Changes in draft forward and aft, in inches, caused by
conmpletely flooding the compartment (lower corners).

conducted during construction of a ship, or after major modifications
to determine the stability of the ship. The most important piece o
information generated by an inclining experiment is the location o
the center of gravity for a given condition of loading. This
information is provided in thBooklet of Inclining Experiment Data

or Report of Inclining Experiment, along with other information such
as:

« Complete stability information for certain conditions of loading,
including maximum and minimum operating conditions

« A detailed statement indicating weight and location of boats
aircraft, ordnance equipment, and permanent ballast

« A summary of the consumable loads such as fuel, wate
amnunition, and stores in each condition, including
displacement, height of the center of gravity (KG), metacentrig

height (GM), and drafts for each load condition

« A table of approximate changes in metacentric height due t

added weights
« Displacement and other curves

« Curves of statical stability for specified operating conditions

ASTM Standard F1321-92 for inclining.

It is customary to perform an inclining experiment on only one o
two ships of any class, applying the information obtained to all ship
of the class. When inclining experiment data is used, any chang
made since the experiment must be accounted for.

3-3.3 Stability and Loading Data Booklet. Information on
limiting drafts, table of tank capacities, and cross curves of stability

formerly included in theénclining Experiment Booklet, is provided to
Navy ships in thé&ability and Loading Data Booklet.

3-3.4 Damage Control Book. Damage control books issued to
Navy ships contain text, tables, and diagrams provide informatio

(56—
16[420 ———
] Y —
5-84-2-F
2 ad 64-0-F 6-0-F
56 1.6 5-64-0- 5-56-0-
5-84-1-F
+5|-1 +2|
-1 T <
. el —w s O
) 84
FRAME 100
Figure 3-5. Sample Liquid-Loading Diagram Format.
v
5-180-0-E

==Y PINK
[TTTTTTT] GREEN
KXXXHA YELLOW

concerning the ship's damage control characteristics and systen
These books normally include the information described in

Figure 3-6. Sample Flooding-Effect Diagram Format.

Paragraphs 3-3.4.1 through 3-3.4.5 and may reproduce informati
from tank sounding tables, ti&ability and Loading Data Bookiet,

cross curves of stability, and other sources. Copies of the damag@ch tank is colored to indicate its use in accordance with the color

control book are maintained in damage control central, each repatpde given on the actual diagram. The data given for list and trim are

locker, and on the bridge. based on a specified condition of loading and may not be applicable
when the ship is unusually loaded or severely damaged.
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3-3.4.2 Flooding-Effect Diagram. The
flooding-effect diagram is a series of plan views DRAFT DIAGRAM AND FUNCTIONS OF FORM
showing all watertight, oiltight, airtight, fumetight,

: : o ] ] AFTER FORWARD
and fire-retarding subdivisions. Figure 3-6 is the DRAFT DRAFT
format of the diagram giving the following ] MARKS TRANSVERSE MARKS [~
information: 71  MOMENT TO DISPLACE- METACENTER g

7 AERTRIM  MENT  ABQVEBOTTOM 1ons LONGITUDINAL [
. ONE INCH PER  CENTER OF -
» Compartment number (center) ] FOOT-TONS _ TONS INCH BUOYANCY =
] TONS AFT o
* Long tons of saltwater to flood the 416 FWD - 16
conmpartment (upper left-hand corner) - _ 325 5| FEET -
115 — 2.0 — 15
. ] 750 —] 3500 320 5| C
* Transverse moment in foot-tons for al 1, _ | a5 O] % ap
aymmetrical and off-center compartmentg E 4 700 | 310 1.0 o 4
(lower right-hand corner) 43 = 3000 -22.7 —30.5 —2.0 -
] 650: —30.0 —3.0 - 13
- —29.5 -
+ Relative effect on stability, indicated by th¢ 112 o279 | 220 P
following color code: i =
i ing i ' ili i CURVE OF CENTER OF 302010 a
(1) Pink: Flooding impairs stability due| 7 -
. . 7 FLOTATION C
to added high weight, free ] C
surface effect, or both. ~Je———— | ENGTH BETWEEN DRAFT MARKS 397"-0" ————»-|
(2) Green: Flooding improves stability
even if free surface exists. Displacement and transverse metacenter are read directly at a point
where a straight line connecting drafts forward and aft crosses these
scales. Other functions are read on a horizontal line through this point.
(3) Yellow: Solid flooding improves Draft mark ven in feet above boft  keel
Stablllty, but ﬂooding Wlth free rart marks are given in feet above bottom or keel.
surface impairs stability. Draft marks and all other data calculated from baseline taken through
bottom of keel amidships.
(4) No color: Flooding has no appreciablg
effect on stability. Figure 3-7. Draft Diagram and Functions of Form for the FFG-7 Class Frigate.

Flooding-effect diagrams provide a ready reference
for the location of watertight boundaries in the intact ship. Thes8-3.4.5 Tables and Drawings. The damage control book in-
diagrams also provide information on transverse moments due #ludes numerous tables and drawings showing the locations of:
flooding (assuming that the boundaries remain intact).

« Watertight and fumetight doors, hatches, and scuttles
3-3.4.3 Draft Diagram. The draft diagram in the damage control
book is a nomogram for determining the displacement from observed * Ventilation fittings, fans, and controllers
drafts. These nomograms are generally less accurate than the, Fire main piping valves and stations
displacement curve, are developed for saltwater drafts only, and are
not valid when the ship is excessively trimmed. Other functions of « Drainage system piping and valves

form may be included on the draft diagram. Figure 3-7 is a draft o )
diagram for the FFG-7 Class frigate. » Sound-powered phone circuits and jacks.

3-3.44 Damage Control Plates. Damage control plates, 3-3.5 Tank Sounding Tables/Curves. These curves or tables

provided with the damage control book, consist of a series of plagorrelate tank soundings (levels) to volume in gallons. Some curves

and profile drawings of the ship and show: give the center of gravity of the liquid for any sounding. Some give
moment of inertia of the free surface in the tank.

Watertight, oiltight, fumetight, and airtight subdivision of the ship

and all fire zones 3-3.6 Compartment Areas and Volumes. Tables showing the
. ) ) . . plan area and volumes of watertight compartments are prepared for
* Routing of fire main and drainage piping systems Navy ships as part of their drawing set. These tables may be included
« Location of all watertight and fumetight doors, hatchasg N the damage control book or maintained separately.
scutles
3-3.7 Booklet of General Plans. The Booklet of General Plans
* Routing of ventilation systems. prepared for Navy ships is a complete set of arrangement plans for

the ship. Plan views of each deck, profiles, and a number of trans-
The flooding-effect and liquid-loading diagrams are included in theverse sections are usually included. Tables of principal dimensions
damage control plates. The liquid-loading diagram is Plate No. land heights of various decks and objects are often included. Limited
Measurements should not be scaled from any of the damage contsgantlings are sometimes available. Dimensions may be derived from

plates, as they are not drawn to scale and views are often distorted.these plans.

3-7
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3-3.8 Deadweight Scale. Merchant ships carry a deadweight 3-3.10 Trim and Stability Booklet. Merchant ships usually have
scale showing deadweight capacities, moment to trim one inch, arad trim and stability booklet containing stability and trim
tons per inch immersion corresponding to various drafts from belowharacteristics for various conditions of loading, either as curves of
lightweight to displacement fully loaded. Figure 3-8 is a typicalform or tabulated.

merchant ship deadweight scale.

3-3.11 Structural Plans. Structural plans show arrangements and
dimensions of the ship's structure. The midships section, shell ex-
pansion, and deck plans are the most useful in salvage.

DEADWEIGHT SCALE ) o
3-3.12 The Lines. The shape of a ship is developed to meet
DIS- specific requirements of speed, seakeeping ability, stability, and
2Ap| DRAFT [pLace| TPI
MT WE'GHL MENT EFF{;EE?OARD capacity. The lines, or the lines plan, precisely define the shape of a
A@ﬁ .. P250f0e7s istee) | 280675 ship. To form the lines, three sets of mutually perpendicular planes
1005l B0 28 H15000151.0 are passed through the hull. The intersections of these planes with the
10000 Fias00 hull form the lines of the ship. Like other engineering drawings, the
1200 - 27 & (505 lines plan is composed of views from ahead (and astern), from above,
1175|9500 F 14000 and from the starboard side. Figure 3-9 shows the development of the
+ 26 body plan, the half-breadth plan, and the sheer plan from a three-
F o 50.0 . . ; . - -
1150[9000F 313500 dimensional hull form. Figure FO-2 is an abbreviated lines plan
£ 25 f drawing for the FFG-7 Class guided missile frigate.
1125|8500 F $13000|49.5
¥ os4 F 3-3.13 Offsets. Offsets are measurements made from the centerline
110018000 20050 to the side of every station at each waterline. They are usually
¥ o3 F presented in a table in the form feet-inches-eighths. A typical offset
1075 7500 ] 12000 . . .
* En for station four at the 16-foot waterline might be read as 37-2-3,
7000 F 22 311500/48.5 indicating 37 feet 2 and three-eighths inches. This offset locates the
1050 + ER precise point on the skin of the ship at station four, sixteen feet above
6500 F 54 311000 the baseline and 37 feeanches from the centerline. The complete
g En lines drawing can be constructed from the offsets.
1025|6000 F 20 Tos00[48:0
+ E 3-3.13.1 The Body Plan. The body plan is the view from the ends
5500 ‘9 Froooo 47.5 of the ship. It is the most commonly seen and most important of the
10000+ - three views. The body plan often stands alone and the other views are
+ I derived from it. The body plan is formed by passing vertical planes
975 | 4500 F 18 4 5000 1470 across the ship like slices in a loaf of bread. The planes are at equally
+ F spaced intervals called stations along the length of the ship. More
4000 F 17 8500 {46 5 closely spaced stations, generally at half the u.sual interval, are used
950 + ES when the shape of the hull form changes rapidly, such as near the
sso0+ 16 38000 bow and stern. The intersection of the planes with the sides of the
+ ER 46.0 ship defines the shape of the sections. The body plan shows the
925 0004 15 700170 sections on a single drawing. Because ships are symmetrical about
¥ + 000 the longitudinal centerline, a half-view of the stations from the bow
900 2500; 14 F 45.5 to the midships station is drawn on the right side of the body plan,
2000 T 6500 and a similar view of stations from the midships station to the after
£ 13 + 45.0 station is drawn on the left.
1500 F 6000
85 ™% 10 F 3-3.13.2 The Half-Breadth Plan. The half-breadth plan, or
1000 F F 5500 [44-5 waterlines plan, views the ship from above. It defines the shape of the
850 ¥ 11 F ship on horizontal planes passed fore and aft through the ship's hull
L(GHT DRAFT 500 + 15000 44.0 parallel to the designer's waterline. The intersections of the planes
9-10 | 825 + 10 F 000 with the hull show the shape of the waterline at the height of the
DISPLACEMENT 2 43.5} - plane. Because the ship is symmetrical about the centerline, only the
SPLACEMENT ¥ En . .
4521 | 803 £ o F waterlines for one side are drawn on a half-breadth plan.
3-3.13.3 The Sheer Plan. The sheer plan is a view of the ship from
Figure 3-8. Typical Deadweight Scale the_ starboard side. Verti_cal planes are passed_fore and aft through the
Used on Merchant Ships. ship parallel to the longitudinal vertical centerline. Planes are spaced

close enough between the centerline and the extreme beam to
accurately define the shape of the ship. The lines formed by the

3-3.9 Capacity Plan. A merchant ship's capacity plan will show %ersectlon of the planes with the hull are called buttocks.

the cubic capacities of tanks and cargo-carrying spaces such as hol
‘tween decks, and shelter decks. Tank capacity in tons of fuel,
saltwater, or other liquids may be included.

3-8
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3-4.1 Center of Gravity (G). Though the weight

of the ship is distributed throughout the ship, it can
be considered to act through a single point called
the center of gravity. If the ship were to be
suspended from a single thread, that thread would
be connected at the center of gravity for the ship to
remain upright and on an even keel. The weight
always acts vertically downward through the center
of gravity. The location of the center of gravity of a
ship is solely a function of weight distribution
within the ship. The center of gravity is in a fixed
position for each condition of loading of the ship,
but moves whenever there is a weight addition,
removal, or movement within the ship.

3-4.2 Center of Buoyancy (B). The center of
buoyancy is the geometric center of the submerged
hull. The force of buoyancy acts vertically upward
through the center of buoyancy. When the ship is at
rest, with or without a list, the center of buoyancy is
usually directly below the center of gravity. As the
ship is disturbed, the center of buoyancy moves to
the new center of the submerged hull. The force of
buoyancy then acts vertically upward through the
new center of buoyancy. When the centers of
gravity and buoyancy are not aligned vertically, the
forces of gravity and buoyancy acting through their
respective centers tend to rotate the ship.

Figure 3-9. Development of Lines Plans.

3-4.3 Metacenter (M). The metacenter is an
imaginary point that is of prime importance in

M
(HEEL ANGLES EXAGGERATED)
pm— T —
WL2
—2 |
WL1 G
]
WL WL
/ —
S~9-_-® WL,
32 B1 B \2

Figure 3-10. Relationship of Centers During Inclination.

3-3.13.4 Bonjean Curves. Bonjean curves are developed from

stability. When the ship is inclined to small angles,

the intersection of the line or action of the buoyant force acting
vertically through the new center of buoyancy and the now inclined
centerline of the ship is the metacenter. In a stable ship, the meta-
center lies above the center of gravity. Figure 3-10 shows the
relationship between the metacenter, the center of buoyancy, and the
center of gravity as the ship inclines. For purposes of illustration, the
angles of inclination are exaggerated.

3-4.4 Center of Flotation (CF). The center of flotation is the
geometric center of the waterline plane. The center of flotation is
important in longitudinal stability because it is the point about which
the ship inclines or trims in the fore-and-aft direction.

3-5 FORCES AND MOMENTS.

Forces and moments are physical quantities that cause ships to act as
they do. The basic definitions of interest to salvors are given in the
following paragraphs.

3-5.1 Forces. A force is a push or pull applied in a particular
direction at a specific location that tends to cause movement. A force
must have three things:

the lines plans. The curves show the submerged area of each station pagnitude

as a function of draft. The areas can be used to calculate the
displacement volume of the ship regardless of the ship's trim. Figure

FO-3 shows the Bonjean curves of the FFG-7 Class ship.

3-4 CENTERS.

Certain points in the ship are described as centers for the forces tl
affect the ship or the behavior of the ship. The most important g
these to the salvor are discussed in the following paragraphs.

¢ Direction
¢ Location.

Forces are measured in units of weight such as pounds or tons.

3-5.1.1 Internal Forces. Internal forces are forces characteristic
Ythe floating ship and exist at all times. The internal forces affecting
hips are gravity acting vertically downward and buoyancy acting
vertically upward.
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3-5.1.2 External Forces. External forces are forces that are and improvement in these programs occur annually. The computer
applied from outside the ship and disturb the ship. Examples of sugrograms used by SUPSALV salvage engineers during the planning

forces are: and operational phases of salvage jobs include:
e The sea « U.S. Navy Program of Ships Salvage Engineering (POSSE)
* Wind « Salvage Calculation Program (SCP)
« Collision ¢ CARGOMAX.
e Grounding
« Shifting of weight on board Folloyving is a brief description of these programs as well as a
« Addition or removal of weight. de<ription of POSSE Technotes.

3-5.2 Moments. A force applied to an object can cause it to move in3-6.1 U.S. Navy Program of Ships Salvage Engineering

a straight line or to rotate about an axis. The effect of a force thdPOSSE). POSSE is a powerful salvage response software. It can
causes rotation is the moment of the force. To create a moment, a foerform multiple salvage engineering analyses such as real-time
must be applied at a distance from the axis about which rotation occuggineering analysis of complex ship salvage situations including the
The moment is equal to the force multiplied by the perpendiculagssessment of:

distance from the axis. The distance of the force from the axis is called

the moment arm or lever arm. Because force is measured in units of® -
weight and the lever arm is measured in units of length, the value of a* Drafts and trim

moment is measured in units that are the product of length times force;* Intact or damaged structural strength
i.e., foot-tons, foot-pounds, or inch-pounds. * Ground reaction and freeing force

) S  Oil outflow and flooding
3-5.2.1 Couples. When two forces act in opposite directions along . | ightering (weight removal plan)

parallel lines, they set up a special case of the moment called a, Tiga effects.

couple. The magnitude of the couple is equal to the product of the

average of the forces and the distance between their line of actiophe development of POSSE began in 1989 through a cost-sharing
Couples are measured in the same units as moments. agreement between Herbert Engineering Corporation and SUPSALV.
The original program has been in a constant stage of revision and
improvement due to a large part to the advancement of computer

The maanitude of moment of inertia depends ubon the shape of hnologies. One of the benefits of the cost-sharing agreement is
9 ) ) h P p P at POSSE is fully compatible with commercial salvage response
surface and varies with the axis used for rotation. The moment %f

inertia is measured in the fourth power of a linear unit, such doofeet oftware HECSALV and shipboard loading program CARGOMAX.

. S SO . It can also read data files of other commercial salvage response
incheé, or a combination of both. Moment of inertia of waterplane is 9 P

an important parameter in stability and strength calculations. Momerglirnigzztrgf’ofIcglsl;(illr;%n ﬁlﬁggraarl] d ?ﬁ%g?;a\t,'g:se(.g%)' a PC-based

of inertia of a rectangle about an axis through its center is given by:

Ships stability

3-5.2.2 Moment of Inertia. Moment of inertia is a measure of a
plane surface's resistance to rotation about an axis in the same pl

| = I><b3 L ><b)><b2 B a><b2
12 12 12
where:
| = Moment of inertia, fedtor inche$
I = Length of the rectangle, feet or inches
b = Width of the rectangle, feet or inches
a = Areaofthe rectangle, féer inche$

Relationships for moments of inertia of other shapes are given
Appendix C.

3-6 COMPUTER PROGRAMS THAT AID IN SALVAGE
CALCULATIONS.

U.S. Navy salvage engineers from the Supervisor of Salvag
(SUPSALYV) office provide operational and technical assistance to th
fleet as well as other federal agencies. The Army Corps of Engineerss;
the U.S. Coast Guard and the Department of State have sought the Figure 3-11. Ship’s Hull and Compartment Configuration.
expertise of SUPSALYV salvage engineers in multiple operational aregs,
including:

POSSE has the capability to perform rigorous numerical integration
of hull and compartment offsets to calculate volumes. Forces
(weight, buoyancy, reaction) are iterated to obtain equilibrium (afloat

* Naval architecture
« Salvage equipment

y Sglyage operations and procedures and aground). Effects of hull deflection can be included in the output.
* DIVIF_IQ Hull girder deflections can also be calculated based on hull girder
¢ Towing inertias. Figure 3-11 shows an example of the ship’s hull and
* Pollution abatement. compartment configuration from the program. This illustration can

help the salvor visualize, from all aspects, the specific ship salvage
The U.S. Navy Salvage engineers use a variety of computer programssues.

to support key operational decisions in salvage scenarios. Changes
3-10
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3-6.1.1 POSSE Features. POSSE features include but are not CargoMax" has been installed on over 500 vessels including

limited to:

¢ Non-rigid ground definition, including Multiple Pui
Grounding (MPG) analysis (Figure 3-12): Allows thalvage
engineer to evaluate the effects of multiple canpaints (up to
and including complex drydock blocking analyses)simple
shelf, or a penetrable shelf.

« Tide/Lightering Sequence (TLS): Allows the salvagegineer
to calculate and display time-phased calculatidntide height,
ballasting/deballasting/transfer of liquids fromtdeot tanks,
transfer of liquids and oil/water outflow / floodjnfrom
damaged tanks, ground reaction, bending momentsarsh
forces, hull girder stresses, etc. A lighteringnplancluding
transfer rates, start and stop times, and disclargrints can be
developed and printed for distribution to the sgévéeam.

« Hull axis rotation: Allows the salvage engineer toodel
capsized vessels and conduct detailed analyses
parbuckling/righting.

Figure 3-12. Multiple Grounding Point Analysis.

« Interfaces with the U.S. Navy's Ship Motion Progré&@MP)
and Ultimate Strength Program (ULSTR): Allows thedvage
engineer to provide improved evaluations of dynamave
bending moments and ultimate/residual strengthacheristics
of intact and damaged hull structure. SMP’s restdis also be
used to provide detailed ship motions informatiarave slap,
accelerations, etc.).

3-6.2 CargoMax. CargoMaxX™ is a shipboard loading calculation
program that was developed by Herbert Engineerioigp@ation and
designed as a field tool to aid in the calculatiwinsurvey and
trimming data accurately and quickly. It precisegiculates ship
stability and stress characteristics based on aagithg condition
specified by the user. CargoM&Xcan also apply when transporting
multiple grades of cargo with varying loading patee It has proven
itself to be a valuable tool to maximize vesseliagtion, increase
cargo loading efficiency, increase crew producfiviand monitor
margins of safety during loading and dischargéiakt contributed to
the safety of the vessel by reducing human errotaigo loading.
Numerous options are available to provide eventgreatility for
specific crew operations.

tankers, containerships, bulk carriers, RO-ROstank barges. It has
been approved by all major Classification Sociedied comes with a
lifetime guarantee.

Features of th€argoMax™ Windows interface include:

* Standard Windows user interface with full mouse kegboard
control of all functions

* Fully integrated context sensitive help
* Quickstart Screen at startup (how to get around)

e Context menus which allow quick access to all ajhlie
program options

» Standard user's manual fully included in the oe-lielp

for

e Continuously updated results bar showing drafits, tlist, GM,
and longitudinal strength

* Continuously updated strength plots and hold plans

* One primary entry window with all weight groups essible
with simple [tabs]

» Simple and direct access to all key data and result

Standard calculations and options include:

¢ Loading condition entry with no limit to the numbef stored
load cases

* Trim and draft calculations at the perpendiculard marks
» Stability calculation (GMt, righting arm to IMO ragements)

* Bending moment, shearing force, and torsional madamen

compared to "At Sea" and "In Harbor" allowables

e Grade entry library for oil and cargo tanks autaoadly
maintained.

* "API" density and VCF calculations
* Tool for observed draft entry
* HECSALV salvage response software compatibility

* Class approved.

3-11
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Special function and calculation options include:

3-12

Ullage/Sounding Entry w/trim, heel and wedge cdrosrs
Interface to Tank Gauging System

Cargo Oil Rate Screen and Loading History Log
Marpol/IBC direct damage required GMt calculation
Liquefied Gas Calculations (LNG/LPG)

IMO 13G calculations for Hydrostatic Balanced Laagd{HBL)
Special ROB/OBQ reports

Damage Stability Option

Automatic Distribution of cargo Oil and Ballast

Grain Stability Option

Cargo Loading Restriction Checking

Local Hull Girder Shear Force Adjustments per CRates
Hull deflections

Detailed Container Entry with Lashing Calculations
Bulk Cargo Pile Geometry Calculations

Detailed Bulk Cargo Buildup.

3-6.3 HECSALV. HECSALYV is a salvage response program that
provides naval architects or salvage engineersaliility to quickly
evaluate the damaged conditions of a ship. Inqade, this program
has the ability to assist the user in analyzing ititact condition,
free-floating damage cases and various types afrgliogs. Salvage
features include:

» Single and double pinnacle and shelf groundingyaisal
 Strength and deflection analysis for flooding argrded cases

« Damaged or corroded strength analysis based omlastation
properties

« Evaluation of lightering plans

 Tidal variation analysis for grounded cases

« Actual oil outflow based on vertical extent of dagea

. i_p_ecification of partially flooded tanks in the deged con-
ition

« Specification of internal pressurization for dandgeom-
partments.

CargoMaX™ load cases can be read by HECSALYV for settinghep t
salvage response evaluation. CargoNfaand HECSALYV also share
the same basic data files so that data create@dmyoMax™ can be
used for the HECSALV data model.
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CHAPTER 4
STABILITY AND WEIGHT

4-1 INTRODUCTION TO STABILITY.

This chapter discusses the stability of intact ships and how basic
stability calculations are made. Definitions of the state of
equilibrium and the quality of stability as they apply to ships are
given in the following paragraphs.

4-1.1 Equilibrium. A ship floating at rest, with or without list
and trim, is in static equilibrium; that is, the forces of gravity and
buoyancy are balanced. They are equal and acting in opposite
directions and are in a vertical line with each other.

4-1.2 Stability. Stability is the measure of a ship's ability to
return to its original position when it is disturbed by a force and
the force is removed. A ship may have any one of three different
kinds of stability, but only one at a time. Stability of an intact
vessel is generally described as its reaction to being inclined to a
small angle of heel. At small angles of heel, the metacenter is
fixed. The metacenter starts to move after the ship is inclined past
7 to 10 degrees.

4-1.2.1 Positive Stability. If the ship tends to return to its
original position after being disturbed by an external force, it is
stable, or has positive stability. In the case of positive stability, the
metacenter is located above the ship’s center of gravity. As the
ship is inclined, righting arms are created which tend to return the
ship to its original, vertical position.

4-1.2.2 Negative Stability. If the ship tends to continue in the
direction of the disturbing force after the force is removed, it is
unstable, or has negative stability. In this case, the ship’s center of
gravity is located above the metacenter. As the ship is inclined,
negative righting arms (otherwise called upsetting arms) are
created which tend to capsize the ship.

4-1.2.3 Neutral Stability. A third state, neutral stability, exists
when a ship settles in the orientation it is placed in by the
disturbing force. Neutral stability seldom occurs to floating ships,
but is of concern in raising sunken ships because a ship rising
through the surface passes through a neutral condition. While the
ship is neutrally stable, even a very small disturbing force may
cause it to capsize. When a ship is neutrally stable, the metacente
and the ship’s center of gravity are in the same location. As the
ship is inclined, no righting arms are created.

4-2 TRANSVERSE STABILITY.

Transverse stability is the measure of a ship's ability to return to an
upright position after being disturbed by a force that rotates it
around a longitudinal axis. The following paragraphs define the
elements of transverse stability and provide a method to calculate
the transverse stability characteristics of a vessel.

POSITIVE STABILITY

NEUTRAL STABILITY

NEGATIVE STABILITY

Figure 4-1. Positive, Neutral and Negative Stability.

4-1
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4-2.1 Height of the Center of Gravity (KG). One of the Weight additions and removals will either raise or lower the center of
primary concerns in transverse stability is the height of the centeravity. The movement of the center of gravity will cause the
of gravity above the keel. This distance is measured in feet. Imetacentric height to increase or decrease. There are four possible
most ships, the center of gravity lies between a point six-tenths @fffects:

the distance between the keel and the main deck. The position of

the center of gravity depends upon the position of weights in the « Weight additions above the center of gravity will cause the center
ship and changes whenever weight is added, removed, or shifted. of gravity to move upward, toward the metacenter, decreasing
To calculate the height of the center of gravity, the following steps  metacentric height.

are necessary:

« Weight additions below the center of gravity will cause the center
a. Classify all the weights in the ship. of gravity to move downward, away from the metacenter,
increasing metacentric height.
b. Determine the height of each weight above the keel.

« Weight removals above the center of gravity will cause the center

c.  Multiply each weight by the height above the keel to de-  of gravity to move downward, away from the metacenter,
termine the moment of the weight. increasing metacentric height.
d. Total the weights and the moments of weight. « Weight removals below the center of gravity will cause the center
o ) of gravity to move upward, toward the metacenter, decreasing
e. Divide the total of the moments of weight by the total metacentric height.

weight to determine the height of the center of gravity.
The new height of the center of gravity is calculated using the same

EXAMPLE 4-1 principle used to calculate the original height of the center of gravity;
CALCULATION OF THE HEIGHT OF THE CENTER OF that is,
GRAVITY (KG)
. i i sumof thenomentof weight
A ship has the following weights on board: KG = -
totalweight
Height above the
Material Weight W (LT) keel KG (ft)
Ship's structure 2,000 15 for a weight addition:
Machinery 500 10 '
Stores 400 20
Fuel 250 5 kG, = (K< W)t (kgxw)
Cargo 800 14 (W+w)
What is the height of th ter of ity?
at IS the neignt O € center of gravity where:
A tabular format is convenient for this type of calculation. KG1=  The new position of the center of gravity
) KG = The old position of the center of gravity
) Height above  Moment of W = The ship weight (displacement) before the weight addition
FEL keel L w = The weight added
X _ . .
2,000 15 30,000 kg = The height of the added weight above the keel
500 10 5,000
400 20 8,000 Often it is adequate to know the change of the height of the center of
ggg 145 11288 gravity. The change can be applied to GM to assess the change of
Sums 3950 5—5:45 stability. The magnitude of the change is:
‘ . GG = Ggxw
Height of the center of gravity: W+w
KG = sumof the momentsof weight where:
totalweight GG, = The distance between the old and new centers of gravity
Gg = The distance between the center of gravity and the weight
55450 being added or removed

3950

KG = 1404feet

4-2
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EXAMPLE 4-2 EXAMPLE 4-2 (CONTINUED)
CALCULATION OF THE CENTER OF GRAVITY MOVEMENT CALCULATION OF THE CENTER OF GRAVITY MOVEMENT
WITH WEIGHT CHANGES WITH WEIGHT CHANGES
a. The center of gravity of a ship with a displacement of 3,625 d. If the weight in step b. of this example is removed rather
tons is 21 feet above the keel. A weight of 150 tons is added than added, what is the new height of the center of gravity?
30 feet above the keel. What is the height of the new center
of gravity? KG = (KGx W)= (kgx w)
T W=w)
<G, = (KO Wy (cgxw) O
(W +w) KG, :( 2% 3625 —( 5x150)
2% 362 30x150 ( 3625-150)
+
g = 39?525&(150 ) KG, =270
( ) Y3475
kg, = { /8:29+(4500) KG, = 2169feet
3775
80625 e. If aweight of 150 tons is added 16 feet above the center of
KG, = 06 gravity, what is the change in the height of the center of
3775 gravity?
KG, = 2136feet
Ggxw
GGl =
b. In the same ship, instead of being added 30 feet above the W+ w
keel, the same weight is added 5 feet above the keel. What is
the new height of center of gravity? GGl _ (16x 150)
kG = 2% 3629+(5x150) (3,625+ 150)
' ( 3625+150)
2,400
( 76125 +(750) =
K S8 = N
G 3775 3,775
76875 GG, = 0.64 feet upward, reducing initial statyl
KG, =
3775

f.  If in the same ship 200 tons is removed 10 feet below the
KG, = 2036feet center of gravity, what is the change in the height of the
center of gravity?

If weight is removed, the same principle applies, but the signs

are changed: Ggxw
GG, =
K, = (KCXW)+ (kgx w) Wow
(W + w) o5 o (10x 200)
. ) : (3,625- 200)
c. If the weight in step a. of this example is removed rather than
added, what is the new height of the center of gravity? 2,000
kG, = (KGW)-(kgxw) SLAED
(W-w) GGl = 0.58 feet upward, reducing initial statyil
KG _( 2% 3625-(30x150)
’ ( 3625-150) When curves of form are not available, estimates sufficient for
71625 salvage work may be made as follows. The height of the center of
KG =———— buoyancy is half the draft for a rectangular barge. In a ship's form,
3475 the center of buoyancy lies between 0.53 and 0.58 of the draft. A
KG, = 2081feet reasonable first approximation of the height of the center of

buoyancy that is sufficiently accurate for salvage work is 0.55 times
the mean draft.
4-2.2 Height of the Center of Buoyancy (KB). The height of
the center of buoyancy above the keel or baseline is anothdr2.3 Transverse Metacentric Radius (BM). The transverse
important distance in stability. This distance is measured in feetetacentric radius is the distance between the center of buoyancy and
Because the center of buoyancy is the geometric center of thkRe metacenter. Transverse metacentric radius is measured in feet. It
underwater body of the ship, the height of the center of buoyandg defined as the moment of inertia around the longitudinal axis of the
depends upon the shape of the ship. In flat-bottomed full ships, suelaterplane at which the ship is floating divided by the displacement
as carriers and tankers, the center of buoyancy is lower than in fineolume.
lined ships, such as destroyers or frigates. Calculation of the location
of the center of buoyancy for ship shapes is a lengthy and tedious |
process. The height of the center of buoyancy is contained in the
curves of form.

4-3



S0300-A6-MAN-010

If the shape of the waterplane is known, the moment of inertia of tl
waterplane can be defined exactly. For salvage work, a reasonaljly
accurate approximation may be made by:

_ 3
I = CIT xLxB
where:

Cr = The transverse inertia coefficient and is equal§g/C1.7

L = Length between perpendiculars

B = Beam
EXAMPLE 4-3

CALCULATION OF THE TRANSVERSE METACENTRIC
RADIUS

An FFG-7 Class ship is 408 feet long with a beam of 44 feet and
draws 14.5 feet. Her block coefficient is 0.487 and her waterplane
coefficient is 0.754. What is her transverse metacentric radius
(BM)?

a. Determine the transverse inertia coefficient.

2
o = Swp

T~ 117
0.754
Cor = ———
T~ 117
C.p = 0.0486

b. Calculate the moment of inertia of the waterplane.

— 3
| = CIT xLxB
| =0.0486x 40% (44)

| =1,689,096 feét
c. Calculate the displacement volume.

V = CB X Lx Bx T
V =0.487x 40& 44 14.
V =126,768 feet

d. Divide the moment of inertia by displacement volume to
determine the transverse metacentric radius.

BM =—
Vv
1689096
BM =——
126768
BM = 1332feet

The value of the metacentric radius derived from the curves of
form is 13.4 feet. The calculated value is sufficiently accurate for
salvage work.

4-4
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Figure 4-2. Transverse Inertia Coefficient.

The transverse inertia coefficient may also be obtained from Figure
4-2 by entering along the horizontal scale with the waterplane
coefficient, reading up to the curve, then across to the vertical scale.

NOTE

The expression for transverse inertia coefficient is derived
from the analysis of numerous ships and is a reasonable ap-
proximation for use in salvage. For a vessel or a barge with a
rectangular waterplane ¢ = 1.0), an exact calculation is:

| (LxBY)
12

4-2.4 Height of the Metacenter (KM). The height of the
metacenter is the distance between the keel and the metacenter. The
height of the metacenter is measured in feet. It is the sum of the
height of the center of buoyancy and the metacentric radius, that is:

KM = KB + BM

For an upright ship, the metacenter lies on the same vertical line as
the center of buoyancy and the center of gravity. If the curves of form
are available, KM can be determined directly from them.

4-2.5 Metacentric Height (GM). The metacentric height,
measured in feet, is the distance between the center of gravity and the
metacenter and is the principal indicator of initial stability. A ship
whose metacenter lies above the center of gravity has a positive
metacentric height and is stable; conversely, a ship with the
metacenter below the center of gravity has negative metacentric
height and is unstable. With the distances KB, BM, and KG known,
GM can be calculated:

GM = KB + BM - KG
and
GM = KM - KG
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4-2.6 Righting Arm (GZ). In an upright ship in equilibrium, the buoyancy of the ship) are equal, opposite, and equal to the
forces of gravity and buoyancy act equally in opposite directionslisplacement, the righting moment is the product of the displacement
along the vertical centerline. As the center of buoyancy shifts wheaf the ship and the righting arm, or:

the ship heels, these two opposing forces act along parallel lines. The

forces and the distance between them establish the couple which RM=WxGZ
tends to return a stable ship to the upright position. The righting armhe size of the righting moment at any displacement and angle of in-
is the distance between the lines of action of the weight actinglination is a measure of the ship's ability to return to an upright
through the center of gravity and the force of buoyancy actingosition. As the righting moment at any displacement is directly pro-
through the center of buoyancy at any angle of inclination. Rightingortional to the righting arm, the righting arm may be used as an in-
arms are measured in feet. Figure 4-3 shows the righting arm for alicator of stability.

inclined stable ship.

SHIP WATERTIGHT TO MAIN DECK

CENTER OF GRAVITY ASSUMED 19.00' ABOVE
M BOTTOM OF KEEL AMIDSHIPS

P L
>< 75° \&\:

/ ~

w

N

\H‘HH \\\H‘HIH

30°
/

20°

RIGHTING ARM-FEET

e

|
t

10°

)

\_ : ) 3,000 4,000 5,000
DISPLACEMENT IN SALTWATER, LONG TONS

6 = ANGLE OF INCLINATION Figure 4-4. Cross Curves of Stability.

Figure 4-3. Righting Arm. 4-2.8 Cross Curves of Stability. The cross curves of stability are

a set of curves, each for a different angle of inclination, that show
righting arm changes with displacement. A set of cross curves of

The length of the righting arm varies with the angle of inclination. - - e
The rati?) of the rigr?ting garm to the metacentric hgeight, GZIGM, isstablllty for the FFG-7 Class ship are shown in Figure 4-4. Note that

equal to the sine of the angle for any small angle. If the sine of th%oﬁ]arﬂgﬁlar tng'ggtjrsgsthe_rﬁgntﬁ; gfrte?;?:\gtyofhatshisezgsﬁfnsut?;ﬁd i'sn
angle is represented by Sinthe equation can be written as: puting ) P P

explained in Paragraph 4-2.9. To use the cross curves, enter on the

horizontal scale with the displacement of the ship, read up to the

Sino :E curve representing thg angle of interest,_anq read across to the
GM vertical scale to determine the value of the righting arm.

For example, to obtain the righting arm at 3,200 tons displacement at
an angle of 30 degrees, enter the curves of Figure 4-4 along the
horizontal scale with 3,200 tons, then:

or

GZ=GMx Sin®

] ) ] ) ] ~a. Read up to the intersection with the 30-degree curve.
This equation provides a convenient means of calculating righting

arm for small angles of inclination. At angles of heel greater than b Read across to the vertical scale where it can be seen that the
about ten to fifteen degrees, the metacenter moves away from the righting arm (GZ) is 1.67 feet.

centerline, and the relationship between the metacentric height and

righting arm is no longer exact. The righting arm at large angles ofhe principal use of the cross curves of stability is in constructing the
heel can be determined from the statical stability curve described iurve of statical stability.

Paragraph 4-2.9.

L o . 4-2.9 The Curve of Statical Stability. The curve of statical
4-2.7 Righting Moment (RM). The righting moment is the couple - stapility (or simply the stability curve) shows righting arm changes as
of the weight and buoyancy of an inclined ship. This moment acts tghe ship inclines at a particular displacement. Righting arm, in feet, is

return the ship to an upright position. Righting moment is measuregiotted on the vertical scale while the angle of inclination, in degrees,
in foot-tons. Because forces creating the couple (the weight an@ pjotted on the horizontal scale.

4-5
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The curve of statical stability, when plotted and corrected a4-2.9.2 Height of Center of Gravity Correction. The cross
described below, will provide the following information:

4-2.9.1 Plotting the Curve of Statical Stability. Figure 4-5 is

curves of stability are calculated for a particular height of the center
of gravity. When the center of gravity has a different height, the

Range of inclination through which the ship is stable (Range ofmetacentric height and the stability curve change. If the actual center

Stebility)
Righting arm at any inclination

Righting moment at any inclination

of gravity lies above the assumed center of gravity, the metacentric
height is decreased and the ship is less stable; conversely, if the
actual center of gravity is below the assumed center of gravity, the
metacentric height is increased and the ship is more stable. The
correction at any angle of inclination is the product of the difference

Angle at which maximum righting arm and maximum righting between the actual and assumed heights of the center of gravity and

monment occur

Metacentric height.

the sine of the angle of inclination, or:

correction= GG, x sirf
where:

the curve of statical stability taken from the cross curves shown in GG is the difference between the actual and assumed heights
Figure 4-4 for a displacement of 3,200 tons. The curve was Of the center of gravity. Thus, if the center of gravity is two
constructed by:

feet above the assumed center of gravity, the correction can
be calculated as

a. Entering the cross curves along the 3,200-ton displaceme
line. Angle Sine of the Height Correction
0 angle difference GG, sINO
b. Reading up to the angle of inclination and across to determir sin® GG,
the righting arm for that angle of inclination and
displacement. 0 0 2 0
c. Repeating the last step for each angle plotted in the cro: 10 0.174 2 0.35
curves.
20 0.342 2 0.68
d. Plotting the values obtained and drawing the curve.
30 0.500 2 1.00
5 45 0.707 2 141
\ \ \ \ \ \
=
W, KG ASSUMED AT 19' 60 0.866 2 173
e DISPLACEMENT = 3,200 TONS | |
=z 75 0.965 2 1.93
g 3
] 90 1.000 2 2.00
o 2
N
= \ The corrections are plotted to the same scale as the curve of statical
(:5 1 stability as shown in Figure 4-6. The corrected curve of statical
o \ stability is drawn by plotting the difference between the two curves
h 0 20 30 a0 30 e 70 80 90 as shown in Figure 4-7. If the actual height of the center of gravity is
less than the assumed height, the calculation is done in the same
- DESEEE?; g'; Ig'&%PL?'I\IION R manner, however, the correction curve is plotted below the horizontal
axis as shown in Figure 4-8. The new statical stability curve is again
the difference between the two curves as shown in Figure 4-9.
Figure 4-5. Statical Stability Curve.
4
\ \ \ \
m KG = 21'
4 w 3 | DISPLACEMENT = 3,200 TONS
m \ \ \
w
£s o e A
z —— s2 : . 51°
= /’g o
—E :
< — | o e e pee=—
o / // \ E // : >€=
£ | LOSS IN RIGHTING ARMS | ;—2 = NG
5 DUE TO RISE IN G \ 0 10 0 30 40 50 _ 60 0 80 90
s \ \ \ \ DEGREES OF INCLINATION
0 10 20 30 40 50 60 70 80 90 |<——————— RANGE OF STABILITY —— > |
DEGREES OF INCLINATION
- X X - Figure 4-7. Corrected Statical Stability Curve.
Figure 4-6. Correction to Statical Stability Curve,
CG is 2 Feet Above Assumed Point.
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0 10 20 30 40 50 60 70 80 20
DEGREES OF INCLINATION

|<— RANGE OF STABILITY—>|

including a reduction in righting arm toward the
3 side to which the ship is listing. The reduction in
righting arm is equal to the product of the distance
] between the new center of gravity and the
L 2 N _cen_terli_ne times the cosine of the angle of
w / inclination, or:
w
z KG ASSUMED AT 19' >: .
2 1 DISPLACEMENT = 3200 TONS correction =GG, x cos0
- % where:
go ‘ GG, is the distance between the centerline and the
E INCREASE OF RIGHTING ARMS DUE TO LOWERING G | new position of the center of gravity. Thus, if the
g, center of gravity is 0.5 feet from the centerline, the
m .
~—| correction can be calculated as:
—_|
\ . . .
2 —— Angle  Cosdne of Horizontal Correction
10 20 30 40 50 60 70 80 90 0 the angle distance GG, xcos
DEGREES OF INCLINATION cos0 GG, 0
0 1000 0.5 0.50
Figure 4-8. Correction to Statical Stability Curve, G 2 Feet
Below (KG = 17') Assumed Point. 10 0.985 0.5 0.49
20 0.940 0.5 0.47
. 30 0.866 0.5 0.43
— G 45 0.707 0.5 0.35
5 DISPLACEMENT = 3200 TONS 60 0,500 05 0.25
[
w
B, — 75 0.259 0.5 0.13
z \ 90 0 0.5 0
g 3 / H\ ) . . ) . .
S As is done with the height corrections, the off-center eight corrections
g are plotted to the same scale as the curve of statical stability. The
£ 2 — corrected curve of statical stability is drawn by plotting the difference
5 / between the two curves as shown in Figures 4-10 and 4-11.
z 1 / |
The angle at which the corrected curve of statical stability crosses the
horizontal axis is the angle of list caused by the off-center weight.

4-2.9.4 Range of Stability. The range of stability is the number of
degrees through which the ship is stable or the number of degrees

Figure 4-9. Corrected Statical Stability Curve.

through which the ship can heel without capsizing. The range of
stability may be measured directly from the statical stability curve
and its limit is the intersection of the curve and the horizontal axis.

For instance:

< In Figure 4-5, the uncorrected stability curve,
therange of stability is from O degrees to more
than 90 degrees.

< In Figure 4-7, the stability curve corrected for
height of the center of gravity, the range of
stability is from O degrees to 77 degrees.

RIGHTING ARMS IN FEET
N

COSINE
CORRECTION INITIAL STABILITY CURVE « In Figure 4-11, the stability curve corrected for
SHRVE FOR WITH KG OF 21 off-center weight, the range of stability is 20
111~ WEIGHT L \ degrees to 75 degrees.
\\\\\X 4-2.9.5 Righting Arm and Righting Moment.
The righting arm at any inclination may be read
0 19 20 30 10 w 50 70 80 %0 directly from the curve. Because each stability
DEGREE F INCLINATION . ) o .

GREES OF INC ° LSS RTINS, S DUE curve applies only to a specific displacement, the
righting moment can be obtained directly for any
angle by multiplying the righting arm by the

Figure 4-10. Correction to Statical Stability Curve for Transverse Shift of G. displacement. In Figure 4-7, the maximum righting

arm is 1.1 feet, the maximum righting moment is

3,520 foot-tons, and the angle where the maximums

4-2.9.3 Off-Center Weight Correction. When there is off-center occur is 51 degrees. Similarly, in Figure 4-11 the maximum righting
weight and the center of gravity is no longer on the centerline, a listrm is 0.83 feet, the maximum righting moment is 2,656 foot-tons,
results and there is deterioration in the stability characteristicsgnd the angle where the maximums occur is 49 degrees.

4-7
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¢ The displacement changes
5 ¢ The center of gravity moves
« Moments that trim or incline the ship are produced.

=Y

Displacement changes carry with them draft changes and attendant
changes in the hydrostatic properties. The change in the transverse
metacentric height (GM) is particularly important because of its
|MAXIMUM RIGHTING ARM effect on stability. Both weight additions and removals may change
— .83 FEET, 497 the moment of inertia of the waterplane. Weight additions will
[ANGLE OF LISTJ \ increase and weight removals will decrease displacement volume.
e Movement of the center of gravity causes any of several effects,
T depending on where the weight is added or removed:
— 1 1 TN
0 10 20 30 40 50 60 70 80 90 « Weight added below the center of gravity causes the center of
|<——— RANGE OF STABILITY —>| gravity to move downward. The metacentric height will thus be
increased. Weight removed below the center of gravity has the
opposite effect on the center of gravity and the metacentric height.

w

N

RIGHTING ARMS IN FEET

-
}

Figure 4-11. Corrected Statical Stability Curve for Transverse
Shift in G.

« Weight added above the center of gravity causes the center of
. . . . gravity to move upward. The metacentric height will thus be

4-2.9.6 Metacentric Height. The metacentric height may be decreased. Weight removed above the center of gravity has the
obtained directly from the curve of statical stability by: opposite effect on the center of gravity and the metacentric height.

a. Erecting a perpendicular to the horizontal axis at 57.3 degrees

(one radian). Weight added or removed forward or aft of the center of gravity

) _ - cawses the center of gravity to move. If a weight is added
b. Drawing the tangent to the statical stability curve at the  forward or aft of the center of gravity, the ship will trim.
origin.
Weight added or removed to port or starboard of the center of
gravity causes the center of gravity to shift transversely and the
ship to list.

The intersection of the two lines indicates the metacentric height. In )
Figure 4-12, the metacentric height of the ship with stability curve 1
is 3.47 feet, and that of the ship with stability curve 2 is 1.47 feet.

« Weight added or removed at the center of gravity has no effect
5 : on the position of the center of gravity. The only effect on
- ! metacentric height is that caused by the change in metacentric
woog i radius (BM), which results in the change in displacement
;3_47. 7777777777777777777777777777 74:4{77 volume and a less significant change in waterplane area and
o 3 ! shape.
g I . i .
< ) ! Calculations of the effect of weight addition or removal are done in
2 7~ ! two parts:
R e A e SR
o 1 // : a. The weight is treated as if it had been added at the center of
o // . CURVE 2| gravity, and its effect on displacement is calculated.
1 \
0 10 20 30 40 50 57! QS0 70 8 9 b. The weight is moved to its actual location and its effect on
DEGREES OF INCLINATION metacentric height, trim, and list are calculated.
Figure 4-12. Metacentric Height from Statical Stability Curves. 4-3.1 Weight Additions and Removals at the Center of
Gravity. The principal effect of weight addition or removal at the

center of gravity is to change displacement by the amount of weight
4-3 INTRODUCTION TO WEIGHT AND IMPAIRED that is added or removed. When weight is added, the increase in
STABILITY. displacement requires that the ship sink to a new draft. The new
waterline is parallel to the waterline at which the ship floated prior to
Weight aboard ships affects many things, including hull charthe weight being added; accordingly, the change in draft is known as
aceristics, stability and strength. As a result, salvors must understarghrallel sinkage. When weight is removed, there is a decrease in
the relationship between weight and ships. This chapter explains thgisplacement with a corresponding rise to the new drafts. The
relationship and demonstrates how the effects are calculated. distance that the ship sinks or rises, in inches or centimeters, is equal
the weight added or removed divided by the tons per inch or
entimeter immersion:

With an understanding of the geometry of ships and basic stabilit
and weight in an intact ship, salvors may begin to consider th
changes that occur when ships are damaged. The second portion of
this chapter addresses impaired stability, or the stability of a damaged

- . W
ship, and presents methods for calculating its effects. Parallel sinkage(orrise) =

TPI
Weight additions and removals result from loading and offloadin
cago, stores, and equipment; fueling; using potable water, fuel, an
other consumables; ballasting; and numerous other evolutions. When
a weight is added or removed three things happen:

4-8

here:
w = The weight added (or removed)
TPI = Tons per inch immersion
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4-3.2 Other Effects of Weight Additions and Removals. Weight additions and removals create one of four kinds of trimming

Weight that is not added exactly at the center of gravity affects thmoments:

stability, trim, and list of the ship in addition to displacement. Each

effect can be determined separately (see Example 4-11). * A weight addition forward of the center of flotation creates a
moment that causes the ship to trim down by the bow.

4-3.2.1 Longitudinal Effects of Weight Additions and
Removals. The addition or removal of weight causes changes in the
longitudinal position of the center of gravity and in trim. These
changes are explained in the following:

a. Movement of the Center of Gravity. When weights are added or « A weight removal forward of the center of flotation creates a
renoved at a distance from the longitudinal position of the center ~ moment that causes the ship to trim down by the stern.
of gravity, the center of gravity moves toward the weight to a
new position determined by the size and position of the weight. « A weight removal abaft the center of flotation creates a moment
The new position of the center of gravity can be calculated by the  that causes the ship to trim down by the bow.
same principles as new heights of the center of gravity:

« A weight addition abaft the center of flotation creates a moment
that causes the ship to trim down by the stern.

b.  Trimming Moment. The trimming moment created by a weight EXAMPLE 4-5
addition or removal is usually more important than the CALCULATION OF LONGITUDINAL MOVEMENT OF THE
movement of the center of gravity. The trimming moment CENTER OF GRAVITY WITH WEIGHT CHANGES

created by weight addition or removal is the product of the

weight and its longitudinal distance from the center of flotation. a. In a ship displacing 3,475 tons, the longitudinal position of
the center of gravity (LCG) is 210 feet from the forward

MT = wx d perpendicular. A weight of 50 tons is added 100 feet aft of
the forward perpendicular. What is the new longitudinal

Wh,\%.e': Trimming moment position of the center of gravity?
W= Welght causing the moment . Applying the principle that the location of the center of
d = Distance from the center of flotation. gravity can be found by dividing the sum of the moments of
weight by the total weight, then:
EXAMPLE 4-4
CALCULATION OF DRAFT CHANGE WITH WEIGHT ADDITION LcG, (LCGx W)+ (Icg x w)
A weight of 75 tons is added at the center of gravity of an FFG-7 (W+w)
Class ship drawing 14.5 feet forward and aft. How much does her
draft increase? where:
LCGy = The new longitudinal position of the center of
The draft increase, or parallel sinkage, equals the weight added gravity
divided by the tons per inch immersion. LCG = The original longitudinal position of the center

of gravity

Parallel sinkage(or rise) = l W = The original weight (displacement)
TPI Icg = The location of the added weight
w = The added weight
a. Determine the tons per inch immersion from the Curves of
Form. ( 218 3475 +(100x 50)
LCG, =
b. Determine the parallel sinkage by dividing the weight by ( 3475+ 50)
the tons per inch immersion:
734750
Parallel sinkage(orrise) = — 3525
TPI
75 LCG, = 2084feetfromthdforwargerpendiclar

Parallel sinkage(orrise)= —
320 CONTINUED ON NEXT PAGE
b. In the same ship, a weight of 50 tons is added 100 feet
abaft the center of gravity. How far does the longitudinal
position of the center of gravity move?

Parallel sinkage(orrisex 234inches

If the weight had been remaoved instead of added, parallel rise

would be 2.34 inches. . Ggx w

B W+ w

_ (100x 50)
© (3,475+ 50)
_ 5,000
3,525

GG, =1.42 feet aft

Ge,

4-9
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4-3.2.2 Trim. The quantities necessary for determining trim and

how they are used are explained in the following paragraphs. (BM xW)
MTl= ———
4-3.2.2.1 Trimming Moment. A trimming moment is a moment @2xL)

exerted by a weight anywhere in the ship acting about the center of

flotation. A trimming moment causes the ship to trim, or tip, aroundyggjtional methods of calculating the approximate moment to change
the center of flotation. There is no special symbol for trimmingi iy one inch can be found in Appendix C.

moment, though M is convenient to use. Trimming moment is

measured in foot-tons. For instance, a weight of 25 tons placed 100

feet forward of the center of flotation would have a trimming moment NOTE

of 2,500 foot-tons by the bow. Paragraph 4-3.2.1 provides an

example for longitudinal effects of weight additions and removals. The Greek letter deltad) is used in conjunction with

EXAMPLE 4-6 symbols to mean "the change in" the quantity that the
CALCULATION OF MOMENT TO TRIM ONE INCH symbol represents.
What is the approximate moment to change trim one inch for the 4-3.2.2.3 Trim_Calculations. In salvage, trim calculations are
FFG-7 Class ship described in Example 4-7. usually made to determine the changes in draft fore and aft resulting

) ) ) from a change in trimming moment. The calculation has three parts:
To calculate the approximate moment to trim one inch:

(BM = xW) a. Determination of the trimming moment
MT1 =
@2xL) b. Determination of the total change of trim by dividing the
trimming moment by the moment to change trim one inch, or:
From the calculation in Example 2-4:

BM, =988 feet Strim = trimming moment

L = 408feet MT1

YISLEE TE BT e c. Determination of the new drafts. When a ship trims, one end

gains draft while the other end loses draft. For instance, a ship
that trims by the bow gains draft at the bow and loses draft at
_ 126768 the stern. The total trim is the sum of the amount gained at
- one end and lost at the other. As a ship trims about the center

Displacement can be calculated from displacement volume:

. &8 of flotation, the amount of change at the bow is proportional
W = 3622tons to the ratio of the product of the change of trim multiplied by
the distance between the forward perpendicular and the center
then: of flotation — and the length of the ship, or:
| o S SR o7, dtimx (FP to LCF)
(12x 408 f L

MT 1= 73Q9 foottons
The new draft forward will be the old draft forward with the
MT1 from the curves of form is 745 foot-tons. The value based on change added or subtracted as appropriate:
calculation is within 10 percent of the actual MT1 and is a

reasonable approximation for salvage work. New Tf = Original Tf + 6Tf

4-3.2.2.2 Moment to Change Trim One Inch (MT1). The Likewise, the change in trim aft is equal to the ratio of the
trimming moment required to cause a change in trim of one inch (1") product of the change Of. trim multiplied by the d'St.a”CE‘
is known as the Moment to Change Trim One Inch. The MT1 for any between the after perpe_ndncmljlar and the center of flotation
ship depends upon the hull form and may be either obtained from the ~ @nd the length of the ship, or:

curves of form or calculated by:

_ otrim x (AP to LCF)

(GM | xW) 0Ty =
MTl= ——— L
@L2xL)
where: The new draft aft will be the old draft aft with the change
GM, = Longitudinal metacentric height added or subtracted as approptiate
w = Displacement
L =

Length between perpendiculars NewT = OriginalT +&T
a a a

As the longitudinal metacentric radius, BMs easily obtained and is
not very different from the longitudinal metacentric height, GMis
often used to determine an approximate MT1 by:

4-10



EXAMPLE 4-7
CALCULATION OF TRIM

The FFG-7 Class ship described in Example 4-10 is floating at a
draft both forward and aft of 14.5 feet. The center of flotation is
twenty-five feet abaft the midship section. A trimming moment of
25,000 foot-tons by the bow is introduced. What are the new drafts?

The first step, the determination of trimming moments, is not
necessary because that information is already available; i.e., M =
25,000 foot-tons.

To obtain the total change in trim, divide the trimming moment by
the moment to change trim one inch:

) M
otrim = ——
MT1

Moment to trim one inch is 745 foot-tons from the curves of form;
therefore

) 25,000
otrim =
745
otrim = 33.6

To obtain the new draft forward, determine the distance from the
FP to the LCF:

L
FPto LCF = —+25
2

408
FPto LCF =—+ 25
2

FPto LCF = 229

then:
otrim x (FP to LCF)
Tf =
L
336 x 229
6Tf =
408
8Tf = 189" orl'7"

NewT; =OIdT_+oT
f f
NewT; =14'6"+17"

NewT; =161"

CONTINUED

4-3.2.3 Effects of Off-Center Weight Additions and Removals.
The addition or removal of off-center weight causes changes both in ti

transverse position of the center of gravity and in inclination.

a. Movement of the Center of Gravity. The addition or removal

of an off-center weight moves the center of gravity off the
centerline. Applying the same principles used when dealing
with the height and longitudinal position of the center of
gravity, the distance an off-center weight addition or removal
moves the center of gravity can be determined.

Ggxw
Wxw

GG, =

S0300-A6-MAN-010

EXAMPLE 4-7 (CONTINUED)
CALCULATION OF TRIM

To obtain the new draft aft, determine the distance from the AP to
the LCF:

L
APto LCF =—-25
2

408
APto LCF =—-25
2

APto LCF =179
then:

5Tg = Strim x (Ai to LCF)

33.6x 179
%Ta=""08

0Ty =14.7" or 1' 2.7"

New To=0d T_-3T

a a
New To=14' 6-1' 2.7"
New T, =13' 3.3"

A method to check the accuracy of the draft calculations is to add
the change in draft forward and the change in draft aft, and
compare the result with the total change in trim. These quantities
should be equal. In the previous example the total change in trim
was 32.9 inches.

OTy =  18.9"
0Ta = 14.7"
33.6"

Since the sum of the draft changes is equal to the total change in
trim, the calculation was performed correctly.

EXAMPLE 4-9
CALCULATION OF TRIMMING MOMENT

a. A weight of 50 tons is added 100 feet forward of the center
of flotation. What is the trimming moment? In which
direction does the ship trim?

M = wxd
M = 50x100
M = 5p00foottons

Because the weight is added forward of the center of
flotation, the ship trims down by the bow.

b. A weight of 50 tons is removed 100 feet abaft the center of
flotation. What is the trimming moment? In which direction
does the ship trim?

M = wxd
M = 50x100
M = 5000foottons

Because weight is removed abaft the center of flotation the
ship trims down by the bow.
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EXAMPLE 4-9

CALCULATION OF THE TRANSVERSE MOVEMENT OF THE

CENTER OF GRAVITY

In a ship displacing 3,475 tons, 150 tons are added 10 feet to

starboard of the centerline.

How far does the center of gravity

move transversely?

b.

10x 100
3,475+ 100
GG, =0.28 feet to starboal

G

Inclining Moment. When an off-center weight is added or
removed, weight acting through the new center of gravity anc
buoyancy acting through the old center of buoyancy form &
couple known as the inclining moment. The effect of the
inclining moment is to cause the ship to incline toward the
side with the greatest weight until the centers of gravity anc
buoyancy are again in a vertical line. The magnitude of the
inclining moment is:

M =WxGG
where:
M, = The inclining moment, and the other symbols are as
previously defined.
W = Total weight (displacement), with weight change

included

The inclining moment will produce a list that is equal to:

9 = tan‘l L(Bg = tan’lﬁ
x GM GM
where:
0 = The angle of inclination
tan® = A symbol meaning

"the angle whose tangentis ...."

4-3.3 Combined Effects. A single weight addition or removal can

EXAMPLE 4-10

CALCULATION OF THE INCLINING MOMENT AND ANGLE OF
INCLINATION

What is the inclining moment created in Example 4-13 when the

displacement is 3,575 tons and the new center of gravity is 0.28
feet to starboard of the centerline?

M, =W x GG
M, =3,575x 0.28

M, =1,001 foot-tons

If the ship has a metacentric height of 3 feet, what is the angle of
inclination after the addition of the weight?

. wx G
6 = tan ! 79
W x GM
1 100x 10
0=tan> — —
3,575% 3
1 1,000
0 = tan
10, 725
0=tan” 0.0932

0 =5.3 to starboar

» The center of gravity will shift upward.
« There will be a decrease in metacentric height.

« The center of gravity will shift forward.

¢ A trimming moment will be created that will trim the ship down

by the bow.

« The center of gravity will shift to starboard.

\ ¢ An inclining moment will be created that will list the ship to
have all of the effects described above. Each effect can be assumed to

staboard.

occur independently. Accordingly, each can be calculated separately

as if the effects were occurring one after the other. Each effect can be calculated independently. Often it is adequate to

) ] ) ] know the change of the height of the center of gravity. The change
4-3.4 Weight Shifts. Weight shifts — moving weight from one can be applied to GM to assess the change of stability. The
location to another in a ship — have the same effect as removing thgagnitude of the change for a weight shift is:
weight from its original location and adding it at its new location.
Because the same weight is removed and then added, there is no
effect on displacement and no parallel sinkage or rise. Depending on
the nature of the shift, there may be an effect on the height,
longitudinal position, and transverse position of the center of gravity.
For example, if a weight low on the port side aft is shifted to avhere:
position high on the starboard side forward, the following things will Ggl

h :
appen W
w

_ Ggxw
Wxw

GG

The distance between the old and new centers of gravity.
The distance the weight was shifted.

Displacements

Weight moved

4-12



EXAMPLE 4-11
CALCULATION OF COMBINED EFFECTS OF WEIGHT
ADDITION

A weight of 100 tons is added to the FFG7 whose characteristics
are described below and in FO-1. The weight is added 30 feet
above the keel, 150 feet abaft the midships section, and 10 feet to

S0300-A6-MAN-010

EXAMPLE 4-11 (CONTINUED)

CALCULATION OF COMBINED EFFECTS OF WEIGHT

ADDITION

Determine the new forward and after drafts.

port of the centerline.
Determine:

The ship's new forward, after, and mean drafts
The new metacentric height
The list

Ship's Characteristics:

L = 408 feet B = 44 feet

Twm = 14.5 feet Cs = 0.487

Cwep = 0.754 KG = 21 feet
LCF = 23 feet abaft midships TPI = 32tons
LCG = 2 feet abaft midships \W = 3,475 tons
MT1 = 745 foot-tons

a. The new drafts:

Add the weight at the center of gravity and determine the
new displacement, the new draft caused by parallel

sinkage, and the new height of the metacenter.
Determine new weight (displacement):

W =W+ w

W = 3,475+ 10(

W = 3,575 tons

Determine new draft at LCF:

W
New T=0Old T+—
TPI

100
New T =145+ —

32
New T =14' 6% 3.1"
New T =14"' 9.1" or 14.76
Determine the new trim.
Determine the trimming moment:
M; =wxd
M, =100x (150- 23)
M, =12,700 foot-ton:

Determine the change in trim:

dTrim = ﬁ
MT1
) 12,700
dTrim =
745
dTrim =17.0"
CONTINUED

(Distance from FP to LCF

oT, =& trimx
LBP
8T, =17.0x 221
408
8T, =9.5"

The newT, = OldT, -8 T,
The newT, = 14' 9.2 9.5"
The newT, = 13' 11.6"

ST, =5 trim x (Distance from AP to LCF
LBP
8T, =17.0x 181
408

3T, =7.5"
The newT, = OldT, -8 T,
The newT, = 14' 9.1 7.5"
The newT, = 15' 4.6"
T, +T,
m=——
2

b. The new metacentric height:

Height of the metacenter is determined from the hydrostatic
tables to be 22.4 feet at the new mean draft of 14 feet 8
inches.

KM = 224

Move the weight vertically to determine the new KG and
GM. The weight was placed 9 feet above the center of
gravity of the ship.

wx Gg
w
(100x 9)
GG =—FFH
G 3,575
GG =0.25'

GG =

GG must be added to KG to find KG;.

KG, = KG+ GG

KG, =21% 0.25'

KG, =, 21.25'
Determine GM:

GM = KM - KG
GM =22.4- 21.2¢
GM =1.15'

CONTINUED ON NEXT PAGE
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EXAMPLE 4-11 (CONTINUED)

CALCULATION OF COMBINED EFFECTS OF WEIGHT

ADDITION
The list:

Determine the transverse shift of the center of gravity:

wx Gg
GG =——
G w

_ (100x 5)
GG ="
G 3,575

GG, =0.14" to porl
Determine the list:
wx Gg
W x GM

100x 5
3,575x 1.1¢

500
4,111

0 =tan* 0.126

0 = tan*

0 = tan*

0 = tan*

0=6.9 to port

EXAMPLE 4-12

CALCULATION OF COMBINED EFFECTS OF WEIGHT SHIFTS

A weight of 100 tons is shifted on a ship whose characteristics are

given below.

LCF = 23 feet abaft midships KM = 22.4 feet
T¢ = 14 feet 6 inches LBP = 408 feet
LCG = 2 feet abaft midships KG = 19 feet
MT1 = 745 foot-tons W = 3,475 tons
Ta = 14 feet 6 inches

The original position of the weight was 150 feet abaft midships, 10
feet to port of the centerline, and 5 feet above the keel. The weight
is shifted to a new position 100 feet forward of midships, 20 feet to
starboard of the centerline, and 30 feet above the keel.

Determine:

The new drafts

The new metacentric height

The list

a.

4-14

The new drafts:

As there is no change in displacement, there is no parallel
sinkage or rise. There is trim.

To determine the trimming moment, calculate the trimming
moment caused by removing the weight.

Mr = wx (distancdérom LCF),

Calculate the trimming moment caused by adding the
weight:

M;, = wx (distancérom LCF) ,

CONTINUED

EXAMPLE 4-12 (CONTINUED)

CALCULATION OF COMBINED EFFECTS OF WEIGHT SHIFTS

Add the two:

M, = wx (distancérom LCF), +wx (distancérom LCF) ,
M; =wx [(distancérom LCF), + (distancdérom LCF)A]

Since the weight was removed abaft LCF and added

forward of LCF,

then:

(distancérom LCF), + (distancéromLCF ), = total distance

M, =100x (127+ 123F 108 (156 10!
M; = 25,000 foot-tons

5 Trim= M,
MT1
25,000

745
& Trim =33.56"

8 Trim=

The ship will trim down by the bow.

The new draft forward:

L

—+23
T, =8Trim x 2 L + Original T,
£8+ 23
T, =33.56x—2— +14.5
408
T, =18.67+ 14" 6"
T, =1' 6.67% 14" 6"
T, =16' 0.67"

The new draft aft:
T, =Original T,- @ Trim-T,)
T,=14' 6™ (33.56* 18.67")
T,=14"' 6™ 14.89"
T,=14' 61" 2.89"
T,=13" 3.11"
To check the accuracy of the draft calculation:
oT, =18.67"
+ 3T, =14.89
dTrim = 33.56"

b. The new metacentric height:

wx Gg
w
(100x 25)
GG =——~—
G 3,475
GG =0.72

BE =

CONTINUED ON NEXT PAGE



EXAMPLE 4-12 (CONTINUED)
CALCULATION OF COMBINED EFFECTS OF WEIGHT SHIFTS

The new KG is then:

S0300-A6-MAN-010

Control of weight is crucial to normal ship operations and is even

more important during when a ship is damaged or during salvage
operations. When normal conditions do not exist on board, special
care must be taken to control weight changes so the ship is not
endangered. Weight removals from the ship must be controlled; the

KG, =KG+ GG effect of each on the displacement, transverse stability and trim must
KG, =19+ 0.72 be known before the weight is removed. Removal of weight in the
KG, =,19.72 wrong place or removal of too much weight can place the ship in a
hazardous condition or cause it to be unstable when refloated. During
then: salvage operations, large quantities of heavy equipment often are
GM = KM — KG brought on board the ship being salvaged. The location of this
- equipment and material must be planned beforehand so that
GM =22.4-19.72 excessive weight is not added high in the ship.
GM =2.68'
4-4.2 Flooding. Flooding is one of the greatest hazards to a ship
c. Thelist: because it can lead to loss of the ship through:
_WwxGg . .
GG =—— * Loss of reserve buoyancy that, if extensive enough, can cause
w the ship to sink, or
GG = 100x (10+ 20)
3,475 » Loss of stability that may lead to capsizing.
GG, =0.863"

Flooding can be caused by firefighting water, liquid storage or

0 =tan® GG transfer system damage, hull breaches from collision, grounding,

M explosion, or any other casualty that lets liquid into the watertight

envelope of the ship. In addition to the problem of increased weight

268 presented by the flood water, loose water (water free to move from
9 =17.8 to starboar side to side as the ship rolls) causes other serious consequences that

are discussed in Paragraph 4-4.3.
4-4 IMPAIRED STABILITY.

o = tan 0:863

Compartments in ships other than tanks or void spaces are usually
partially filled with equipment, machinery, stores, cargo, or other
materials. Because this material takes up a portion of the space in the
compartment, the amount of water the compartment will hold is
reduced. The volume of a compartment that can be flooded divided
by its total volume is the permeability of the compartment. For
instance, if a compartment has a volume of 4,000 cubic feet and
contains 2,000 cubic feet of equipment, only 2,000 cubic feet can be
filled with water, and the compartment has a permeability of
The first three conditions can occur in intact ships. Only free2,000/4,000 or 0.5. In calculating the effects of flooding,
communication with the sea requires damage to the hull. Theermeability should be taken into account to make the most accurate
following paragraphs discuss the effects of these conditions ofietermination of the amount of water in the ship.

stability.

A ship's stability can be impaired by a number of causes:

« Injudicious addition, removal, or shifting of weight

¢ Flooding

« Free-surface effect from loose water (see Paragraph 4-4.3)
« Free communication with the sea (see Paragraph 4-4.4)

« Any combination of the above.

Flood water can be treated like added weight; its effect on

4-4.1 Weight Control. The distribution of weight in a ship controls displacement, the center of gravity, trim, and list can be calculated in
the location of the center of gravity, and the location of the center dhe same way as solid weight would be if added in the same location.
gravity directly affects both longitudinal and transverse stability.
Weight additions, removals, and shifts must be strictly controlled afvhen a ship has flooding caused by damage, every effort must be
all times to control the position of the center of gravity. Weightundertaken to contain the flooding and to make sure it is not
changes must be planned before the evolution, because a poofgeading progressively throughout the ship. Flooding can be
thought-out weight change may place the ship in danger. In norm&Xxpected to spread through every possible means including piping,
ship operations, the following should be avoided: cableways, and drain systems. Damaged piping systems or unused
piping systems in older ships are particularly dangerous. The initial
« Addition of weight that causes the ship to sink beyond heflamage survey should be followed by frequent rechecks of
established limiting draft or to have insufficient reserveCompartments and tanks to ensure flooding is not spreading. Flooding
buoyancy for safe operation. from firefighting water can be particularly dangerous because:

« Additions of weight high in the ship, removals of weight low in  * It may be high in the ship

the ship, and weight shifts from low to high that cause a rise in

the position of the center of gravity and a loss of transverse * It may drain down, affecting several compartments and creating
stability. a free surface in each.

« Weight additions, removals, or shifts that result in trims of more/Vhenever a fire is fought with water or other liquids, attention must
than one percent of the ship's length. be paid to where those liquids go, both during and after the fire.

« Weight additions, removals, or shifts that result in off-center
weight and a list.
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4-4.3 Free Surface. If a compartment is partially filled with liquid, Surface permeability usually varies at different levels in the
the liquid moves from side to side as the ship rolls, and the free surfacempartment. Naval architects may consider surface permeability
attempts to remain level. The effect of this free surface is to cause thden developing tables or curves of free surface area or effect for
liquid to flow to the low side when the ship heels. Stability is affectedanks, but prudent operators will ignore surface permeability in
the same way as it would be by a rise in the center of gravity; that isalculating free surface for two reasons:

the metacentric height is reduced and the ship becomes less stable. The

effective or virtual rise in the center of gravity is: e Surface permeability is very difficult to estimate. An error in
i edimating it can lead one to believe the ship is more stable than
GG = v it actually is.
where:

« If surface permeability is neglected, the calculations will indi-

GGif The virtual rise in the_ center of gravity . cak less stability than the ship actually possesses. The error is
i = The moment of inertia of the tank or compartment with " o
. . on the "safe side" for salvors.
the free surface; for a rectangular compartment with b
; "
(width) and I (length)™ 4-4.3.2 Pocketing. When the ship rolls and the liquid moves to
N expose the deck or to cover the overhead of a flooded compartment,
= 12 pocketing occurs. Because the free surface is reduced, the virtual rise
of the center of gravity is reduced. Naval architects normally account
V = The displacement volume of the ship, NOT the volumefor pocketing when developing tables or curves of free surface effect

of the tank with the free surface. for tanks. When free surface is calculated manually, and it is certain
*Appendix C addresses irregular surfaces. that pocketing is occurring, the estimate for free surface effect be
reduce by 25%. If there is any doubt, no correction should be made.

EXAMPLE 4-13 4-4.4 Free Communication. When a ship is damaged so that the
CALCULATION OF THE VIRTUAL RISE IN THE CENTER OF sea flows freely in and out of the ship, free communication with the

(RGNS AR A A5 A sea exists. There are three effects from this kind of flooding:
A ship with a displacement volume of 429,000 cubic feet has . . . .
partial flooding in a compartment 50 feet wide and 30 feet long. * Added We'_ght from_the water taken on board. This vyelght IS
What is the virtual rise in the center of gravity caused by the free usually low in the ship and may lower the center of gravity.
surface in the tank?
) « The free-surface effect from the loose water. This effect causes a
| virtual rise in the center of gravity and decreases metacentric

Ce= Vv height.
_ b® x| _ 50° x 30_312 500 ft « When the flooded compartment is off-center, there is an
12 12 ' addtional virtual rise in the center of gravity from the free-
communication effect.
GG = 312,500
€= 429,000 When an off-center compartment is flooded, the ship takes on a list. As
the list increases, additional water enters the ship and levels off at the
GG, =0.728 feet (or 0.73 feet) external waterline. The additional water causes the ship to list further
and additional water enters the ship. The process continues in de-
The effect of the free surface is equivalent to raising the center of creasing increments until equilibrium is reached. The additional water
gravity 0.728 feet and decreasing the metacentric height by the flowing into an off-center compartment is the free-communication
same amount. effect. Free-communication effect always causes a loss of stability.

There is no free-communication effect in a flooded centerline com-
gartment because the high side of the compartment loses a quantity of
fier roughly equal to that gained on the low side. The virtual rise of

e center of gravity due to free communication can be calculated by:

If free surface exists in several tanks or compartments, the effect
each free surface must be calculated separately and the sum applie
the center of gravity to determine the total virtual rise in the center
gravity. Free surface should be eliminated wherever possible by either (axy?)
pressing tanks up until they are full or emptying them completely. GG :T
For a more complete description of the free surface effect refer to the
U.S. Navy Salvage Engineer's Handbook, Volum8ettion 1-9.2.1. Where:
This section describes and illustrates the free surface effect, pocketingGG; = The virtual rise of the center of gravity due to free
and the pocketing angle. communication with the sea

a = The surface area of the flooded compartment
4-4.3.1 Surface Permeability. If a compartment contains y = The distance from the centerline of the ship to the center of
equipment, cargo, or stores that pierce the surface of the flood water, gravity of the flooded compartment
the free surface is reduced. Surface permeability is defined as the
moment of inertia of the actual free surface divided by the moment dfhe free communication and its effect can be eliminated by patching
inertia of the same surface with no objects projecting through. the hole so water cannot flow freely through it.
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EXAMPLE 4-14
CALCULATION OF THE VIRTUAL RISE OF THE CENTER OF
GRAVITY FROM FREE COMMUNICATION

In a ship whose displacement volume is 429,000 cubic feet, a
compartment whose surface dimensions are 20 by 30 feet, and
whose center of gravity is 25 feet off the centerline, is in free

S0300-A6-MAN-010

EXAMPLE 4-15
CALCULATION OF THE COMBINED EFFECTS OF FREE
SURFACE, FREE COMMUNICATION AND OFF-CENTER
WEIGHT

A ship whose cross section is shown in Figure 4-13 is involved in a
collision that ruptures the hull into an off-center compartment

communication with the sea. What is the virtual rise in the center
of gravity due to the free-communication effect?

amidships. The compartment is 14 feet wide, 20 feet long, and 8
feet high. The longitudinal axis of the compartment is 18 feet to
port of the ship's centerline. Before the hatches to the damaged

(ax yz) compartment can be closed, 2 feet of seawater enter an adjacent
GG =——= compartment 20 feet long, 11 feet wide, and 8 feet high. The
\% adjacent compartment is immediately inboard of the damaged
a=(20%30)= 600 compartment. The kg of each compartment is 12 feet. The
characteristics of the ship are:
GG = (600x 25 ) _ _
" 429 000 LBP = 400 feet B = 50 feet
’ T = 20 feet w = 6,250 tons
GG = 375,000 Cs = 0.56 Cwe = 0.70
429,000 LCF = Midships TPI = 33.33 tons
KG = 14 feet KM 20.58 feet

GG =0.874 feet (or 0.87 fee

Determine the combined effect of free surface and free
The virtual rise in the center of gravity from free communication communication on GM and the induced list.
with the sea is 0.874 feet; the metacentric height is decreased by

the same amount.
CONTINUED NEXT PAGE

Movement of the center of gravity may either
increase or decrease stability, depending upon
where the weight is added. Free-surface and free-
communication effects ALWAYS decrease
stability. Each effect occurs independently of the
others and can be calculated separately.

18'

: N KG
ST (kg) ;

| 14' T

NOTE

The actual condition of the outboard
compartment will be in a constant state of
change as the ship rolls. At times, the space
will be completely flooded with no free-

surface effect, and at other times it will only be
} partially filled, reducing the weight of the
flood water but allowing free surface. Using
the weight of the totally flooded compartment
and allowing for free surface in the
¢ calculations give the safest result.

=
-

Figure 4-13. Vessel Cross Section for Example 4-15. 4-4.6 List. A list is an inclination of a ship while
the ship is in equilibrium. Listing is a symptom
rather than a cause of impaired stability, but is common enough and
potentially serious enough to warrant discussion here. A list has three

possible causes:

4-4.5 Combined Effects of Flooding. The combined effects of
flooding are:

* Increase in displacement « Off-center weight

« Movement of the center of gravity « Negative metacentric height (GM)

* Free-surface effect « A combination of off-center weight and negative metacentric

o height.
* Free-communication effect.
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EXAMPLE 4-15 (CONTINUED)
CALCULATION OF THE COMBINED EFFECTS OF FREE
SURFACE, FREE COMMUNICATION AND OFF-CENTER

WEIGHT

a. Determine the draft and displacement after
damage:

(1) Determine the weight of the flood water:

Ixbxd
W=
35
where:
w = Weight of the loose water
| =  Length of the free surface
b =  Breadth of the free surface
d = Depth of the loose water
X X
Outboard compartment; = 20371548: 64 tons
20x11x 2
Inboard compartmenty, = —— =13 tons

The new displacement is:
W =W+ w+ w=6,250+ 64+ 13= 6,327 tor

(2) Determine the new mean draft:

W +WwW,  64+13_

oT = =
TPI  33.33

2.3

NewTm= Old T, +3T=20% 2.3"= 20' 2.3" or 20.1¢

b. Determine the new KG with the added weight of the flood

water:
Weight Height above Moment of Weight
(w) keel (kg) (w x kg)
6,250 14 87,500.00
64 12 768.00
13 9 117
6,327 88,385

_ sum of the moments of weight 88,3§i3 97"

K
G total weight 6,327

c. Determine the new KM due to the change in draft and
displacement:

KM, = KB, + BM,

3
KM1:(0.55><T)+%

2
Cr (Cun) =70 _ 041

117 117
(400% 5G x 0.0419

KM, = (0.55% 20.19
= ( » 6,327x 35

KM, =20.57"
d. Determine the new GM:
GM, = KM, - KG, =20.57- 13.9% 6.6

CONTINUED
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h.

EXAMPLE 4-15 (CONTINUED)

CALCULATION OF THE COMBINED EFFECTS OF FREE
SURFACE, FREE COMMUNICATION AND OFF-CENTER

WEIGHT
Determine the virtual rise of G due to free surface in both
compartments and free communication in the outboard
compartment.
(1) Free surface (outboard compartment):
b®xl  14°x 20
i 4,573
Gq =—= 12 = 12 = ! =0.02'
\% \% 6,327x 35 221,445
(2) Free surface (inboard compartment):
b*xl 18£x20
i 2,218
GG =—=-12 - 12 . =0.01"
\% \% 6,327x 35 221,445
(3) Free communication (outboard compartment only):
GG, = (axy’) _ (Ixb)x y* _ (20x14)x 18 _ 90,720_ ,..
\Y \Y 6,327x 35 221,445
The combined effects of free surface and free
communication on GM can be summarized:
GM =GM,-GG- GG- GG
GM =6.6- 0.02- 0.0+ 0.41
GM =6.16"
Determine the list:
The centers of gravity of the outboard and inboard
compartments are 18 feet and 5.5 feet respectively off the
centerline to port:
x Ga) + x G
GG, = {(M*C9) +(wx Gg)
W+W+ W
where:
GGr = The transverse distance the center of
gravity moved
Wiy = Weight of the water in the outboard
compartment
Wa = Weight of the water in the inboard
compartment
ds = Distance from the center of gravity of the
water in the outboard compartment to the
center of gravity of the ship
dz = Distance from the center of gravity of the
water in the inboard compartment to the
center of gravity of the ship
Wj = The displacement of the ship including the
flood water (W1 = W + wq + wy)
64x18)+ (13 5.5) 1,224
GG, :( M ( ): =0.19' to port
6,327 6,327
Determine the list:

o=Tan? &
GM
0.19
6.16
9=Tan" 0.0308

0 =1.76 degrees to po

0=Tan*
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Whenever there is a list, it is very important to determine the caudRemoval of equipment or material to reduce weight or provide
of the list before attempting to correct it. The wrong "corrective"access will usually require normal rigging and stevedoring
measure may make the situation worse. When disturbed, ships withethods. When the material is submerged, great amounts of diver
off-center weight behave differently from ships with negativetime may be required to rig and remove it. Whenever practical,
metacentric height. methods designed to reduce the work of the divers should be
employed because diving is a slow, labor-intensive, expensive,
« A ship with off-center weight will return to the same listed dangerous, and inefficient way to accomplish work. Arrangements
postion when it is disturbed. must be made before beginning removals to take the materials away
from the work site and preserve or dispose of it. The nature of the
A ship with negative metacentric height may roll sluggishly orarrangements will depend upon the nature of the materials, the
loll and settle with equal facility at the same angle on eithetactical situation, and the requirements of local authorities.
side. The angle of loll is the heel angle where the combined
effects of the outboard shift of center of buoyancy and chang&he nature and hazard presented by the contents of the ship vary
in waterplane shape raise the metacenter to a point above thdth the materials carried and the length of submersion. Of

center of gravity. The angle of loll may be estimated by: immediate concern at a sinking is the pollution caused by fuel oil,
cargo oil, or other pollutants leaking from the ship. Removal of fuel

., 2xGM oil and cargo oil is discussed in detail W.S. Navy Salvage

f=tan BMYZ Manual, Volume 2 (S0300-A6-MAN-020). Handling of other

polluting cargoes must be addressed in an ad hoc manner and
. . . : . . ._requires expertise in the particular material. Th8. Navy Salvage
A .Sh'p V\.”th both off penter We'.ght and negatllve metacentrlcSaEty Manual (S0400-AA-SAF-010) should be consulted and
height will loll, but will settle with a greater list toward the i ht f h listed therei
side with the off-center weight. advice sought from the emergency response systems listed therein.

A ship with negative metacentric height is in a very dangerou;rhe U.S. Coast Guard has specific statutory responsibilities for
condition. A positive metacentric height should be restored im_prowdmg on-scene coordination at hazardous material spills in

mediately. In general, negative metacentric height is dealt with bnawgable waters in the U.S. including the coastline, selected rivers

redistributing weight in the ship, removing high weight or adding nd the Great Lakes. The Coast Guard's responsibilities and
. ’ . . “expertise must be recognized, and they must be involved from the
low weight to move the center of gravity downward, or recovering ; L X .
Ptset in any sinking with hazardous materials.

lost waterplane to increase the transverse metacentric radius. J

attempts are made to correct list caused by negative metacentrﬁ;} . . .
) o : - ; - e U.S. Army Corps of Engineers Military Programs Environ-
height by shifting weight to the high side, the ship may Suddenhﬁ]ental Division also has statutory responsibilities for providing

It’c?\;f\:esﬁ hegs?t'ée;gcem ;)rftlec\)/lénas:u;?;r;g an even greater angle of her%anagement, design and execution of a full range of cleanup and
PP ' P ) protection activities including:

A list caused by off-center weight is dealt with by shifting or
removing the off-center weight. Care must be taken not to
overcompensate by removing more weight than is necessary or by
removing weight that will decrease metacentric height.

¢ Cleaning up military sites contaminated with hazardous waste,
radioactive waste or ordnance

* Complying with federal, state and local environmental laws
4-5 CONTENTS OF THE SHIP. andregulations

The contents of sunken and capsized ships are of interest to salvord Minimizing use of hazardous materials

for several reasons. The contents, including installed equipment, .
military payload, and cargo, may: ¢ Conservation of natural and cultural resources

» Have military or commercial value that gives priority to its Surken Warsh_ips_can be ex_pected to contain ord_nance of va_rio_us
recovery types. Expertlse_ in the particular or_dnance and its characterlstl_cs
should be obtained before attempting to move or work near it.
« Require removal to bring the weight to be raised within theShips delit?erately sunk to blqck waterways as part of hostile action
limits of the equipment to be used may contain booby traps deggned to deter .thelr removal. It may be
necessary to call in Explosive Ordnance Disposal teams to handle
* Require removal to give access for patching or shoring ordnance and remove booby traps.
Exposure to either fresh water or saltwater, or removal of some
substances to the air after submersion, may initiate chemical re-
tions that create a hazardous condition or cause normally benign
aterials to become dangerous. For instance, organic material de-
caying in a closed, flooded compartment may generate hydrogen
Where material or equipment is to be removed for preservation ansoUIfide that will dissolve in the f!OOd water, forming sulfuric acid,
ropellants and warheads used in ordnance may become unstable or

further use, removal techniques must be tailored to the individu% ) e
. : . : : egenerate from exposure to water; or, pressure vessels and piping
material and equipment. The techniques used will normally include

methods to prevent further deterioration. Depending on thgaycorrode and release their contents. Extreme care must be taken

* Present a hazard because of the nature of the material

* Present a hazard because of the action of the materi
underwater.

circumstances, preservation and storage of equipment may be {9, ensure that hazards in a sunken ship are identified and the

responsibility of either the salvor or a special team established forongers to both personnel and the environment are reduced to an
acceptable level.
that purpose.
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Of particular concern is the generation of explosive, oxygenWhenever a problem with hazardous or deteriorating materials is
displacing, or toxic gases by decomposition of organic matteknown or suspected, a marine chemist is an invaluable addition to a
within the ship or by decomposition of organic contents of thesalvage team. The services of a marine chemist may be arranged
water in which the ship lies. If the gases are not soluble in watethrough the Supervisor of Salvage.

they will collect in pockets under horizontal surfaces or may find

their way into compartments under atmospheric pressure. Explosive

gases present a potential danger whenever spark-producing

equipment is being operated, while oxygen-displacing and toxic

gases present a direct hazard to personnel. Whenever there may be

gases present, the requirements of th8. Navy Salvage Safety

Manual should be followed precisely.
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CHAPTER 5
STRENGTH OF SHIPS

5-1 INTRODUCTION.

The longitudinal strength of a ship is its ability to carry the stresses
imposed by its loading. Longitudinal strength is determined by a
ship's design and construction. Regulatory bodies establish standards
for strength based on the intended use of the ship. In the United
States, the Naval Sea Systems Command (NAVSEA) sets standards
for naval ships, and the American Bureau of Shipping (ABS) and
Maritime Administration (MARAD), for merchant ships. Warships
are built with a greater reserve of strength than merchant vessels
because much of their effectiveness lies in their ability to survive
battle damage. Salvors must be able to analyze the strength of the
ship to determine acceptable loading, assess the potential for salvage,
and plan necessary repairs. Strength analysis is a sequential process
in which three things are determined:

o The effect of forces acting on the ship
e Resulting stresses
o The ability of the ship's structure to carry these stresses.

A ship's hull is like a hollow girder or beam and is often referred to as
the hull girder. The behavior of a ship's hull girder is described in the
following paragraphs. Longitudinal strength analysis and its im-
portance in salvage operations are also described.

Precise hull strength calculations are very complex and are the
domain of the salvage engineer, but it is imperative that all salvors
understand the basic principles involved. Experienced salvors should
be able to make reasonable estimates of a casualty's hull strength in
the absence of a salvage engineer.

UPWARD FORCES + w
DOWNWARD FORCES - *

/\

w

¥

BENDING

w

| ' |
/\

SHEAR

Figure 5-1. Simple Beam with Concentrated Load.

5-2 BEAM THEORY.

A simple beam is one that lies on its supports and is subject only to
vertical forces. A downward vertical force causes a reaction acting
upward at the supports. For equilibrium, the downward force (W)
must equal the sum of the reactions at the support (R; and R;).

W =R +R,
where:
W = Downward force
R = Reaction at the support

If the downward force is at the center of the beam, each reaction will
support half the weight.

R =R, = % (for a weightless beam)

Load is a general term for the forces on a beam. By convention, loads
acting upward are positive (+); downward-acting loads are negative (-).
The load acts to bend the beam. The downward forces and the upward
reactions at the supports also try to shear or slide two adjacent sections of
the beam relative to each other as shown in Figure 5-1.

5-2.1 Shear. The shear, or shear force, at a section is the sum of the
forces acting to one side of the section. A girder is rigid and resists
bending. Girders can shear, if the forces are great enough. The forces
tending to shear are the same forces that tend to bend the girder; the
two effects are related. There is only one value for the shear at any
section. The sum of the forces to one side of any section will be
numerically equal to the sum of the forces on the opposite side.

UPWARD FORCES + w
DOWNWARD FORCES - *

/\ /\

o)
iy
n
(N
X0

NIE

nIS

IS

Figure 5-2. Shear Curve for a Beam with Concentrated Load.

In the beam in Figure 5-2, the only force to the left of any point
between R; and W is the upward force (equal to +W/2) at the
support; shear force at this point is therefore +W/2. The shear
force can be calculated at several points along the length of the
beam and plotted on a graph as a shear curve. Shear is determined
for points immediately to the right and left of concentrated loads
and assumed to change abruptly at the point of loading.
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In plotting shear curves, shear is taken as the sum of forces to the
left of any point along the beam. Shear is determined by working
from left to right along the beam. The shear at any point is the
sum of those forces from the left end of the beam up to that point,
or the sum of the forces "left behind." The graph in Figure 5-2 is
the shear curve for a girder under a concentrated load. Following
the curve from left to right, shear is zero at the left end of the
beam, but increases abruptly to +W/2 at the support. Shear
remains constant at this value until reaching the force at the
center. There it changes by -W to -W/2. Shear remains constant
at -W/2 until the value decreases to zero at the right support.

EXAMPLE 5-1
CALCULATION OF SHEAR IN A BEAM WITH A
CONCENTRATED LOAD

A 12-foot weightless girder is loaded with a 10-ton weight at the
center as shown in Figure 5-3. Develop the shear curve.

The reactions at the support each equal half the weight, or +5
tons. As shear is the sum of forces or loads to the left of a point,
shear changes only at the points where loads are applied. The
shear curve is developed by finding shear at the ends and
immediately to the right and left of center, and then connecting
these points with straight lines as shown in Figure 5-3:

Location Shear

Left Support 0

Immediately right of left support +5 tons
Immediately left of center +5 tons
immediately right of center 5-10=-5tons
immediately left of right support -5 tons

Right support -5+5tons =0

5-2.2 Bending Moment. The bending effect at any point on the
beam depends on the moments created by loads acting at distances
from that point. The bending moment at any point is the sum of the
moments of the forces to one side of that point. Maximum bending
moment occurs under the concentrated load at midspan, and is given by:

M:KX£:W><L
2 2 4

where:
L = Length of beam

The bending moment on the girder is plotted in Figure 5-4. Bending
moment is zero at the supports because, being simply supported, there
is no force acting on the lever arm on the outboard side, so there can be
no moment. There is initially only one force to the right end of the
girder to create a moment — the reaction at the support. As the
moment arm is gradually increased by moving to the left, moment
increases in direct proportion. To the left of center, the moment of the
weight at the center is added to the moment of the reaction. Because
the two moments are opposite in sign, they tend to cancel each other.
Because the weight is twice as large as the reaction, its moment
increases at twice the rate of the reaction's moment and causes the
bending moment to gradually decrease to zero at the left support.

EXAMPLE 5-2
CALCULATION OF BENDING MOMENT
IN ABEAM WITH A CONCENTRATED LOAD

Develop the bending moment curve for the 12-foot weightless
girder supported at both ends with a weight of 10 tons loaded at
the center.

The bending moment curve will follow the same form as the curve
in Figure 5-4; that is, straight lines from O at the ends to a
maximum at the center. Calculate the bending moments at the
center:

WxL
M, = 4
—10x12
M5 :T:
—120
M5 :T
M, =—30 foot-tons

UPWARD FORCES + 10 TONS
DOWNWARD FORCES - *

A

5 TONS 5 TONS
| 12 FEET |
| |
A
TONS
-5
SHEAR CURVE

Figure 5-3. Shear Curve for a Beam with 10-Ton Load at Center.
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Bending moment will reach its maximum value at the center of the
UPWARD FORCES + w beam. At this point, the difference between the moments due to
DOWNWARD FORCES - * weight and reaction is greatest. Maximum bending moment value is:
wx L?
I | M =
8
A A The shear and bending moment curves for a beam with a distributed
load are illustrated in Figure 5-5.
Ri=% Ry=3%
=
Z DISTANCE
o UPWARD FORCES +
s DOWNWARD FORCES -
(O]
=
- AAAAAAAAAAAAAAAAAAA]
=
m T Mmax = V%L [ |
Figure 5-4. Bending Moment Curve for a Beam A A
with Concentrated Load.
R, = (WxL) R, = WxL)
17 72 27 2
5-2.3 Distributed Load. Figure 5-5 shows the shear and bending | L |
moment curves for a simply supported beam loaded with an evenly SIMPLE BEAM UNDER
distributed weight. DISTRIBUTED LOAD
. . . (wxl)
If w is the weight-per-unit length, then: TE \
W =wxL
SHEAR CURVE
whetre: (wxl) |
W = Total weight 2
w = Weight-per-unit length
L = Length of the beam between supports
Becauge the.weight is .evenly distributed,. gach support will bear hglf BENDING MOMENT
the weight with a reaction of W/2. Examining the shear force to the
left of a point:
x wx12) |
s=""L - (wxa) '
. Figure 5-5. Shear and Bending Curves for a Beam
then: with Evenly Distributed Load.
S=wx L d
- 2 If the weight is evenly distributed along the length of the beam, the shear
curve will pass through zero at the center of the beam and the bending
moment curve will be a parabola with its maximum at center of the beam.
whsere:. Shear One distributed weight on an actual beam is the weight of the beam.

In the case of a ship, this weight must be considered along with other
distributed or concentrated loads. Example 5-3 demonstrates the
method for determining the shear and bending moment curves for a
beam with an evenly distributed load.

w = Weight-per-unit length
L = Length of the beam between supports
d = Distance from the left support

Shear force along the length of the beam increases from zero at the
left support to a value equal to the reaction,X(\W)/2. Shear then
deceases linearly to zero at the center of the girder. Shear continues
to decrease to a maximum value of %wL)/2 at the right support
where it drops to zero.

5-3
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EXAMPLE 5-3 EXAMPLE 5-3 (CONTINUED)
CALCULATION OF SHEAR AND BENDING MOMENT CALCULATION OF SHEAR AND BENDING MOMENT
IN A BEAM WITH A DISTRIBUTED LOAD IN A BEAM WITH A DISTRIBUTED LOAD
A 40-foot beam weighing 10 tons is supported at both ends. The b. Bending moment curve:
beam is uniform in shape and weight evenly distributed along the
entire length. Develop the shear curve and the maximum bending NOTE

moment.

Since weight acts in a downward direction, w is always
expressed as a negative value when developing the
Start at the left end of the beam: bending moment curve. This convention ensures that the
curve developed shows the direction of the forces acting

1 on the beam.
(— WX L2 j
M. o=~ 7

a. Shear curve:

0
w=—=.25tons/ ft.
40 /

L MAX 8
S=wx||—=|-d
KZJ } (—.25x402)
MMAX :T
40 M, =50 foot—tons
Sw=25%|| 5 ]-0

S,, =+35 tons

w = .25 TON-PER-FOOT

e8] AL AAARALL

Sy, =+2.5 tons I |

/\ /\

40 R{= 5 TONS Ro = 5 TONS
Sy, =0.25%|| — [-20
2 | 40' |
| |
BEAM
S,, =0 tons
40' 30’ 20' 10’ 0'
40 >
S, =0.25x% KJ - 30}
2 %)
Z 1 1
'9 T T
S}, =—2.5 tons
SHEAR CURVE
5
40
S, =0.25x (—j -40
2
S, =—5 tons 0 40' 3=0' 2=0' 1=0' 0
%)
z
Summary o
D S '5'
0 -5.0 Q
10 2.5 50
20 0 ) My ax
30 +2.5
40 +5.0 BENDING MOMENT CURVE

These points are then plotted in Figure 5-6 to obtain the

shear curve. Figure 5-6. Bending Moment and Shear Curves for Example 5-3.

CONTINUED



5-2.4 Relationship Between Curves. A load curve — the
difference between the reaction and weight curves — can be drawn
for beams with distributed weight and support. Relationships that
exist between the load, shear, and bending moment curves can be
used to determine shear and bending moment in ships' beams.

o Shear at any point is equal to the area under the load curve from
the end of the beam to that point.

¢ Bending moment at any point is equal to the area under the shear
curve from the end of the beam to that point.

Because of these relationships, shear and bending moment can be
found for any point in a beam whenever a load curve can be drawn
and points of zero shear and bending moment can be identified.

The area under a curve is the area between the curve and the
horizontal axis and can be found by:

¢ Simple geometry if the curves are relatively straight lines

e Drawing the curves on graph paper and counting the squares
under the curve. This method is simple and will provide
reasonably accurate results. Figure 5-7 contains an example of
estimating the area under a curve using graph paper.

6B
oo
o[efe] oD
'6 ARBRRDDN
(@] DRInn
u e/ e/e/e/e/o/00|e
E e/ e/e/e/e/o/0(000e
o e/e/e/e/e/o/00 000 ee
0 e/ e/e/e/e/o/0/0/0 000 e e o)
= e/ e/e/e/e/o/0(0/0 0000 e e e o
E e/e/e/e/e/o/0(0/0e/0/e/0 e e elee e
| o/o[e/e/e/o/e]e]e/e/e/e/e[e/e/e[e]e]e]e]®
A C

I
m
m
-||

AREA OF TRIANGLE ABC = 1/2x(11 FEET)x(6 TONS/FOOT) = 33 TONS.

AREA BY COUNTING SQUARES:

EACH SQUARE MEASURES 1/2 FOOT BY 1/2 TON/FOOT = 1/4-TON.
120 WHOLE SQUARES UNDER THE CURVE, 26 PARTIA|

SQUARES EQUIVALENT TO 13 FULL SQUARES FOR A TOTAL OF
133 SQUARES. 133 X 1/4-TON = 33-1/4 TONS.

Figure 5-7. Finding Area Under a Curve.
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5-3 LOAD, SHEAR, AND BENDING MOMENT IN SHIP
GIRDERS.

Determining shear and bending moments in hull girders is more
complicated than in simple beams, because:

e The weight of the hull girder is neither negligible nor
evenly distributed.

e  Weights placed on a ship may be either concentrated,
unevenly distributed, or evenly distributed.

e The reaction, buoyancy, is unevenly distributed over the length
of a floating ship. The distribution of buoyancy depends on the
distribution of the underwater volume of the hull, which
changes with shifts in draft, trim, or passage of waves.

— 4

7

HOGGING

—— —

—

SAGGING

Figure 5-8. Hogging and Sagging.

—_ 7

HOGGING

_————~

SAGGING

Figure 5-9. Hogging and Sagging Increasd by Wave.

Hogging and sagging are two conditions that reflect weight and
buoyancy distribution. When a ship is hogging, buoyancy exceeds
weight in the midships region and weight exceeds buoyancy near the
ends. The distribution of forces tends to bend the ends of the ship
downward. The opposite condition is called sagging. These conditions
are shown in Figure 5-8.

Depending on the distribution of weight within the ship, either of these
conditions can occur in still water. Some ships can literally "break their
backs" if improperly loaded. Figure 5-9 shows how hogging and
sagging can be increased by wave action. When a ship passes through
seas, the ship may alternately hog and sag as the waves pass.

5-5
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5-3.1 Weight, Buoyancy, and Load Curves. In order to obtain a
load curve, two curves must be developed:

o A weight curve showing the weight distribution
¢ A buoyancy curve showing the buoyancy distribution.

The load curve is the difference between the buoyancy and weight
curves.

5-3.1.1 The Weight Curve. Weights in a ship can be divided into
two categories:

o Fixed weights that are a permanent part of the ship
e Variable weights that change with loading

a.  Fixed weights include:

(D
@
)
“)
®)

b. Variable weights include:

0
@
)
“)
)
(©)
@)

The hull structure
Superstructures and deck houses
Machinery

Weapons launchers

Masts, kingposts, cranes, etc.

Fuel

Missiles and ammunition
Boats and aircraft

Cargo

Stores

Crew and effects
Miscellaneous weights.

STATIONS

2019 181716151413 121110 9 8 7 6 5 4 3 2 1 0

| WEIGHT -

FULL LOAD (TONS)

TONS
SNOL

y3 y3
Yq
Y5 Y2
Y1
< b5 —s]<— by b by—sf<by>
L L Ljpy—!
AP ab mb fb Fp
Lmp = (1.74Cg - 1.002)L by =(0.61 - 0.615 Cg)L y; = 0.04y3
Lip =(1.186 - 1.17Cg)L by =Ly - by y2 =Cg y3
Lab =L - Lmb - Lo by =Lmp V3 = Bmp/Lmb
B _tmb BTm Cm by =Lap - bs v4 =Cg V3
mb 35 b =0.2L y5 = 0.08y3

Figure 5-11. Approximate Buoyancy Curve for Full-Bodied Ship.
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bsg ‘ bg | bg | bo ‘ by |
BUOYANCY,
LENGTH, FT TONS/FT
by = 76.7 y, = 1.01
by = 79.3 yo = 17.10
bz = 725 y3 = 25.14
by = 915 ya = 17.10
bg = 80.0 y5 = 2.01

AP

FP

o

Figure 5-10. Weight Curve and Profile.

The positions of variable weights may be determined from arrangement
and loading plans. Weights are placed in the proper position along the
length of the hull. After all variable weights have been accounted for
and subtracted from the displacement, the remaining weight is the
lightship weight. The weights of major components, like super-
structures and machinery, can be estimated and placed in position by
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Figure 5-12. Approximate Buoyancy Curve for Example 5-4.

simply looking at the ship and locating them accordingly. The remain-
ing weight may be distributed in the same form as the still water
buoyancy curve. Alternatively, the fixed weight may be distributed by
assuming two-thirds of the total follows the still water buoyancy curve,
and the remaining one-third is in a trapezoid whose center of gravity
corresponds to the longitudinal position of the center of gravity of the
ship. Figure 5-10 shows a weight curve for a ship along with its profile.

5-3.1.2 The Buoyancy Curve. The underwater volume of the
ship's hull determines the buoyancy distribution. The buoyancy-per-
foot at any point is the buoyancy of a one-foot- thick slice of the sub-
merged hull at that point, or the area of the section times one foot
divided by 35 cubic feet per ton of seawater. Areas of sections can be
obtained from curves of sectional areas (Bonjean curves). Sectional
areas can also be developed from general plans, body plans, offsets, or
direct measurement. Such complex calculations are normally left to the
salvage engineer.

For full-bodied ships with a block coefficient significantly greater
than 0.6, the buoyancy curve can be approximated by a rectangle and
four trapezoids. For this approximation, the ship's length is divided
into three sections, the forebody, the midbody, and the afterbody; the
forebody and afterbody are again divided into two sections each, and
the heights of the rectangle or trapezoids are calculated to give a
curve like the one shown in Figure 5-11.



The steps in the calculation are:
a.  Calculate the length of the midbody:

L, =[1.74xC,)-1.002]x L

‘mb

where:
L., = Length of the midbody
Cg = Block coefficient
L = Length between perpendiculars

b. Calculate the lengths of the forebody and afterbody:

L, =[1186-(1.17xC, )|xL

Lub = L - Lmb - L/b

where:
Ly =  Length of the forebody
Ly =  Length of the afterbody

c. Calculate the buoyancy of the midbody:

(Lmh xBxT, xCM)
Bmh = -
35
where:
B,, = Buoyancy of the midbody
B = Beam
Tm = Mean draft
Cy = Midships coefficient

d. Calculate the bases and ordinates for the curve:

b =[0.61-(0.615xC,)|xL ¥ =0.04xy,

b,=L, —bs Yy =Cyxyy
B

b,=L,-b =_m

) w0 Y3 L,
b=L, Yy =Cyxyy
4 = Ly, =D ys =0.08xy;
by=02L

EXAMPLE 5-4

CALCULATION OF THE APPROXIMATE BUOYANCY CURVE

An auxiliary ship is 400 feet long with a beam of 50 feet and a draft
of 20 feet. The block coefficient is 0.68; the midships coefficient is

0.88. Determine the approximate buoyancy distribution.

a. Calculate the length of the midbody:
L,= [(1.74 X CB) —1.002} x L

L,, =[(1.74 % 0.68) - 1.002 ] x 400
L,, = 0.181x 400

L,=725 feet

CONTINUED
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EXAMPLE 5-4 (CONTINUED)

CALCULATION OF THE APPROXIMATE BUOYANCY CURVE

b.

C.

d.
b, =[0.61-(0.615xC,)]x L y, ==t

b =[0.61-(0.615x0.68)]x 400 y, =

Calculate the length of the forebody and afterbody:

Forebody:

Ly, =[1.186—(1.17xC,) |x L
Ly, =[1.186—(1.17x0.68) |x 400
L, =0.39x400

L, =156 feet

Afterbody:
L,=L-L,-L,
L,=400-72.5-156
L, =171.5 feet

Calculate the buoyancy of the midbody:

5 - LuxBxT,xC,)
mb 35
(72.50x 50 x 20 x 0.88)

35

B =

mb

B, =1,823 tons

Calculate the bases and ordinates:

1,823
72.5

b =176.7 feet y,=25.14

b, = Lfb -5,
b, =156 -76.7

¥, =0.04x
v, =0.04x25.14

b,=79.3 feet y, =101

b=L, V=Y =Cyx ;s

b, =72.50 feet

¥, =y, =0.68x25.14
Y, =y, =17.10

by =020xL
b, =80 feet

b, =L, -b; ys =0.08x y;

b, =171.5-80

»s =0.08x25.14

b, =91.5 y, =201

Summary

bi= 76.7 feet y1=1.01

b= 79.3 feet Yo = y4=1710
b= 72.5 feet y3=25.14
bs= 91.5 feet ys =2.01
bs=_80.0 feet

L =400.0 feet

Figure 5-12 shows the approximate buoyancy curve for the ship in
this example.

5-7
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For a floating ship:

e The area under the weight curve and the buoyancy curve must
be equal.

e The geometric centers of the two areas — the centers of
buoyancy and gravity — must be on the same vertical line.

Because the curves are approximations, if these conditions are not
met, the curves can be adjusted by trial and error until they are.

5-3.1.3 Load Curve. The load curve is the vertical distance
between weight curve and buoyancy curve at any point along the
ship's length. The load curve is constructed by plotting these
differences. Typical weight load and buoyancy curves are shown in
Figure 5-13. For a floating ship, the areas under the curve above and
below the axis are equal. The faired buoyancy curve is usually
stepped, as described in Paragraph 5-3.2.4 to facilitate calculations
using the mean load value of each station.

STATIONS
20191817 16151413121110 9 8 7 6 5 4 3 2 1 0
[ 1
BUOYANCY

' I_'\\ !WEIGHT!—-\

\ |

- |

— S {

N L'

N

7
N / NN
. D4
| LOAD p~
%) 5
z [e)
(<) z
= 7
AP ) FP
Figure 5-13. Weight, Buoyancy, and Load Curves.

5-3.2 Shear and Bending Moment. Both the shear force and
bending moment on the ends of a ship are zero. Shear and bending
moment curves can be developed by working from one end of the
ship to the other.

5-3.2.1 Shear Curve. The shear curve is developed by summing
the areas under the load curve from left to right along the length of
the ship. On reaching the end, the value of shear should be zero. In
practice, small errors in plotting the weight and buoyancy curve will
usually result in some value of shear being obtained at the end of the
ship. In salvage work, a small value of shear at the end of the ship
will not cause significant errors in the bending moment and stress
calculations. If the value is large, the weight, buoyancy, load, and
shear curves should be checked and adjusted as necessary.

5-8

5-3.2.2 Bending Moment Curve. The bending moment curve is
developed by summing the areas under the shear curve from right to
left along the length of the ship. The value at both ends should be
zero. If a large value is obtained, the source of the error must be
determined and corrected.

5-3.2.3 Relationships Between Curves. The relationship
between curves has several features that can serve as checks:

e When the load is zero, shear is maximum or minimum, and there
is a change in curvature in the bending moment curve.

e When the load is maximum, a change in curvature occurs in the
shear curve.

e When shear is zero, the bending moment is maximum or

minimum.
LBP= 160"
B=52.5'
D= 20°
T=5
100 TONS 200 TONS 140 TONS 120 TONS
(i_ ______________________________________________________ .
TANK 4 TANK 3 TANK 2 TANK 1
WL | |
160 120 80 40 0
AP FP
Figure 5-14. Rectangular Barge.
10
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AP LIGHTSHIP CONDITION FP
10
N I e S
o
S ]
& B itk kb bbb b
=
o
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T T T
160 120 80 40 0
AP LOADED CONDITION FP
Figure 5-15. Weight Curves.

The following example develops the weight, buoyancy, load, shear,
and bending moment curves for a rectangular barge.
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EXAMPLE 5-5 EXAMPLE 5-5 (CONTINUED)
CALCULATION OF WEIGHT, BUOYANCY, LOAD, SHEAR, AND CALCULATION OF WEIGHT, BUOYANCY, LOAD, SHEAR, AND
BENDING MOMENT CURVES FOR A RECTANGULAR BARGE BENDING MOMENT CURVES FOR A RECTANGULAR BARGE
The rectangular barge in Figure 5-14 is 160 feet long, 52.5 feet c.  Shear curve:

wide, and floats at a draft of 5 feet in salt water. The barge is
divided into 4 equal tanks containing liquid cargo:

No 1 tank 120 tons
No 2 tank 140 tons
No 3 tank 200 tons
No 4 tank 100 tons

Total: 560 tons

Develop the weight, buoyancy, load, shear, and bending moment
curves for the barge.

a. Weight curve:

(160 x 52.5 x 5)

35
Cargo Weight =560 tons

Lightship Weight =1,200 — 560 = 640 tons

Total Weight = =1,200 tons

The weight is evenly distributed over the length of the
rectangular barge. The weight-per-foot length of the
barge is therefore:
640 tons
W=—
160 feet

w = 4 tons/foot

The lightship weight curve is as shown in Figure 5-15.

The liquid cargo weights are evenly distributed in each 40-
foot tank; their weight-per-foot lengths are:

w, = % = 3 tons/foot

140
w, = —— = 3.5 tons/foot
40

200
w, =—— =5 tons/foot
40

w, = % = 2.5 tons/foot

These weights are then added to the lightship weight curve
to give the total weight curve shown in Figure 5-15.

b.  Buoyancy curve:

The buoyancy equals the total weight of the barge and
cargo or:

B =1,200 tons d.

The barge has zero trim and is uniform in cross section
throughout its length. Buoyancy is evenly distributed.
Buoyancy-per-foot is:

b= 1,200 tons
160 feet
b =17.5 tons/foot

The buoyancy curve is plotted along with the weight curve.
The difference between these two curves is the load
curve. Forces acting downward are negative and forces
acting upward are positive. Since weight acts downward
and buoyancy acts upward, their values are negative and
positive, respectively. Figure 5-16 shows the load curve
for the barge. There is more buoyancy than weight at the
ends of the barge; the barge is sagging.

CONTINUED

Shear will be zero at the ends of the barge. Shear at any
point along the barge is equal to the area under the load
curve from the end of the barge up to that point. Shear
should be calculated at any point along the barge that the
value of the load curve changes. The shear curve in Figure
5-17 was constructed by determining shear in this manner.

Starting from the left end or stern:

S, = Sum of areas under load curve from AP to point a

where:
Sa. = Shearin tons at point a
w = Weight-per-unit length of the section in tons
d = Distance in feet to the right of the point
then:

S0 =0 tons (by convention)

Si2 =1x40 tons (by convention)

S, =1 ton/foot (distance from AP to 120-foot section)
Si =1 ton/foot x 40 feet

S5 = 40 tons

Sgo = (1x40) + (=1.5 x distance from 120-foot section
to 80-foot section)

Sg = (1x40") + (=1.5%x 40"

Sy = (40) + (-60)

Sgo =—20 tons

S, =40+ (—60) + (0 x distance from 80-foot section
to 40-foot section)

S, =—20+(0x40")

S,, =—20 tons

S, =40+ (-60) + 0 + (0.5 x distance from 40-foot
section to FP)
S, =—20+(0.5x40")

S, =0 tons
Summary

D S

0 0
40 -20
80 -20
120 40
160 0

Bending moment curve:

The bending moment curve is developed from the shear
curve. The bending moment is equal to the sum of the
area under the shear curve to the right of the point for
which it is being calculated. Bending moment should be
calculated for at least the following points:

o Wherever the shear curve crosses the axis — this is a
point of maximum bending moment

o Whenever the shear curve changes direction.

For the barge, starting at the right end, or bow, calculate
the bending moment:

M = Sum of the areas under the shear curve

CONTINUED ON NEXT PAGE

5-9
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EXAMPLE 5-5 (CONTINUED)

CALCULATION OF WEIGHT, BUOYANCY, LOAD, SHEAR, AND
BENDING MOMENT CURVES FOR A RECTANGULAR BARGE

M, =
M, =

M, =(M,)+(40'x-20 tons x 1/2)

M, =
M, =

My, =
My, =
My, =

M, =(Mg,)+(13.33'x —20tons x 1/2)

M,y =

933 =

M,y = (M, ;) +(26.67'x 40 tons x 1/2)

M, =

120 =

M, = (M) + (40'x 40tons x 1/2)

M =
Mg =

40
93.3

120
160

5-10

0x (0 tons x1/2)
0 foot-tons

0+ (-400)
—400 foot-tons

(M ) + (40" -20 tons)
(—400) + (-800)
—1,200 foot-tons

(=1,200) + (-133)
—1,333 foot-tons

(-1,333) +(533)
—800 foot-tons

(—=800) + (800)
0 foot-tons

Summary

M
0
-400
-1,200
-1,333
-800
0

CONTINUED

(Maximum)

EXAMPLE 5-5 (CONTINUED)
CALCULATION OF WEIGHT, BUOYANCY, LOAD, SHEAR, AND
BENDING MOMENT CURVES FOR A RECTANGULAR BARGE

Bending moment at 93.3 feet was calculated because the shear
curve crossed the axis at this point.

Figure 5-17 also shows the bending moment curve. Note that the
maximum bending moment is aft of amidships.

WEIGHT =
BUOYANCY = — — —
19
- 8 7.5
oY r—=—————-—————- oo oo
g g: 6.5
2 4]
2 2
160 120 80 40 0
AP WEIGHT AND BUOYANCY CURVES FP
5,
= 3]
Q 2 +1
g d 1 0 +.5
2 _', | I
) :f* -1.5
'—
160 120 80 40 0
AP LOAD CURVE FP
Figure 5-16. Development of Load Curve for Barge.
40
20
(2]
3 0 —_— : \ —_— — )
h 1
1
-20 ! - °
!
40~ sHEAR !
I T T T T 1
160 120 933 80 40 0
AP FP

FOOT-TONS

BENDING MOMENT

Figure 5-17. Shear and Bending Moment Curves for Barge in Example 5-5.
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5-3.2.4 Conventions. The convention that
downward forces are negative results in:

STATIONS
20 19 18 17 16 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0

e For sagging hulls:

(1) Positive shear on the left side of the plot

(2) Negative shear on the right side 1 FAIRED i 25

(3) Negative bending moment. | || _BUOYANCY ’lf? S S — §;77777 L 120

15

e For hogging hulls: STEPPED e 10
APPROXIMATION [~

(1) Negative shear on the left side of the plot
(2) Positive shear on the right side
(3) Positive bending moment.

If weight and buoyancy information is available for

stations, as in Figure 5-13, the calculation for more 2 a
complex hull forms are lengthier but no more o z
difficult than the examples presented. Salvors i BUOYANCY i_\

should develop and use the shear and bending \ r-II WEIGHT !

moment curves as tools in planning weight changes 20
if significant stress levels are anticipated due to high 1 15
loads and/or damage to the hull girder. 10
Developing the load curve can be simplified if weight 5
and buoyancy curves are both stepped curves. Weight

curves are normally developed and provided as — —

stepped curves. A stepped buoyancy curve can be I ! / 10
developed from a faired curve as shown in Figure | ‘LO‘AD : nd .5
5-18. ‘ ‘ ‘

20

Horizontal segments between stations connected by \_;\ i /
vertical lines at the stations approximate the faired ! ! '
buoyancy curve. The height of each horizontal i i i
segment is found by taking the average of the AP an FP
buoyancy-per-foot values at the stations at either end.
For example, the values at stations 4 and 5 in Figure
5-18 are 12 and 14 tons-per-foot, respectively, giving
an average of 13 tons-per-foot, as plotted on the
stepped curve.

Figure 5-18. Development of Load Curve for Ship Hull.

5-4 STRESS. D -
TENSION

Stress is the force-per-unit area that acts on the ship's structure.
Stress causes the material to elongate or deform. The amount of
elongation or deformation of the material is strain. In ship structures,
stress and strain are directly proportional. Figure 5-19 shows three
types of stress discussed below. —_— -

5-4.1 Axial Stress. Axial stresses result from two forces acting in
opposite directions on the same line. Tension, or tensile stress, results
from forces pulling against one another. Compression or compressive
stress results from forces pushing against each other. The average

COMPRESSION

stress in a member under pure tension or compression is given by: '
F
c=—
A
where:
o (sigma) = Axial stress '
= Applied force SHEAR
A = Cross sectional area affected
Stress is measured in units of force and area, such as pounds per square Figure 5-19. Types of Stress.
inch (psi).

5-11
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CROSS SECTION

/ TENSION \

COMPRESSION

kB

-~

™

BENDING STRESS
DISTRIBUTION

(a) TENSION AND COMPRESSION ABOUT THE
NEUTRAL AXIS CAUSED BY BENDING

e
N

-
= —

CROSS SECTION
SHEAR STRESS
DISTRIBUTION

(b) SHEAR STRESS CAUSED BY BENDING

Figure 5-20. Stresses Due to Bending.

5-4.2 Bending Stresses. The beam in Figure 5-20 is loaded so the
ends bend downwards. The upper side fibers are in tension and are
stretched. The lower side fibers are in compression and are shortened.
The outer fibers on the convex side of the beam must stretch farther
than the inner fibers. On the concave side, the outer fibers are
shortened more than those nearer the center. The change in length
through the beam is the strain. Strain can be measured and indicates
the stress at any point.

5-4.3 The Neutral Axis. Tensile and compressive stresses on opposite
sides of a bending beam steadily decrease toward the center of the beam.
They reach zero at a transitional plane known as the neutral axis. Figure
5-20(a) also shows this relationship. The location of the neutral axis
depends on the arrangement of the components that make up the beam.

5-4.4 Shear Stress. Shear stress is the result of two forces acting in
opposite directions along parallel lines. Shear tries to tear the material
between the two forces. The average value of shear stress is given by:

F
==
A
where:
F = Applied force
T (tau) = Shear stress
A = The area being sheared

Bending also induces shear stress. As the beam is bent, the fibers
attempt to slide across each other as shown in Figure 5-20(b). The
layers of material in a solid beam are restrained from sliding across
each other, causing shear stresses in the layers. The shear stress
increases from a minimum at the outer layers to a maximum at the
neutral axis.

5-5 STRESSES IN THE HULL GIRDER.

The distribution of stress through any section of the hull girder depends on:
e The area and arrangement of material in that section

e The magnitude of the shear force or bending moment at that
section.

5-5.1 Bending Stress. The distribution of bending stress through a
section of a girder depends on the moment of inertia of the section
about the neutral axis:

o= Mxy
1
where:
9 Fiber stress
M Bending moment
y = Distance from neutral axis in feet
1 = Moment of inertia about the neutral axis

The maximum bending stresses occur where y is maximum.

M X Y

cmax: I

where:
omax = Maximum stress
ymax = Maximum distance from the neutral axis in feet

5-5.2 Section Modulus. The quantity I/ymax is known as the
section modulus (Z). The section modulus is the primary indicator of a
ship's ability to resist shear force and bending moment. The maximum
bending stress is given by:

M

O nax= 7

Structural elements that are not continuous for a significant portion of
the ship's length do not contribute to the structure's ability to carry
longitudinal bending loads. Generally, only elements continuous for at
least half the length of the ship should be included in the section
modulus calculation. The neutral axis passes through the center of area
of the cross section. The distance from the neutral axis to any axis is
found by dividing the sum of the moments of areas about that axis by
the sum of the areas. The girder cross section is broken up into sections
whose areas and centers can be found easily. A baseline is established
at the bottom of the girder, and the height of the neutral axis is
calculated using a tabular format similar to the one below:

Section a y ay
in’ in in’®
part 1
part 2
Totals A AY

Height of Neutral Axis = A—AY

where:
a =  Areaofindividual section
y = Height of center of area of individual section above
baseline
A = Sum ofindividual areas
AY = Sum of moments of individual areas



The moment of inertia, I, of the beam about any axis is the sum of the
moments of inertia, i, of the individual segments about that axis. If the
moment of inertia of a section about an axis through its center of area is
known, its moment of inertia about a parallel axis can be found by:

[=1.+(4xa?)

where:
I = Moment of inertia about any axis
I. = Moment of inertia about an axis through the center of
area= Iya
A = Area of the section
d = Distance between axes

When the neutral axis is not equidistant from the upper and lower edges
of the girder, an upper and lower section modulus must be determined
by:

VA :Iﬂ
o
2w
b

Yy

where:
Z, = Section modulus for top of beam
Z, = Section modulus for bottom of beam
y; = Distance from the neutral axis to top of beam
y, = Distance from the neutral axis to bottom of beam

For more complex girders, such as ship hull girders, it is more
convenient to first find the moment of inertia about the keel (Ig). This
procedure allows simultaneous summing of the areas and moments
needed to find the neutral axis and moment of inertia.

Section a y ay ay’ i
in in in’® in in*
part 1
part 2
Totals A AY AY? I
AY

Height of Neutral Axis =d = E
I, =AY +1

Ly =1 —(4xd*)

y
t
Vi
y
b
Yy

S0300-A6-MAN-010

Individual moments of inertia (i) are calculated only for components
with significant vertical dimensions although their ay’* term is
included. The moments of inertia of components with small vertical
dimensions, (usually less than 10% of the depth of the hull), are so
small that their effect on the overall calculation is negligible. The
value of i for rectangular sections is calculated by the relation i =
ah?*/12 (which is equivalent to 1b%/12). Relationships for i of other
cross-sectional shapes are given in Appendix C.

EXAMPLE 5-6
SECTION MODULUS CALCULATION FOR A BEAM

Calculate the section modulus of the beam shown in Figure 5-21.

Section Dimen- a y a a h i
sions  (in®)  (in) (in*) (in*) (in) (%
(in)

Top flange 12x1 120 105 126.0 *1,323.0 1.0  *1.00

Vertical web ~ 10x1 10.0 5.0 50.0 250.0 10.0 83.33

Totals 220 176.0  1,573.0 84.33
d = AY/A = 176/22 = 8.00inches
Ik = AY?+]| = 1,573.00 +84.33 =  1,657.33 inches*
Ina= Ik - Ad? = 1,657.33-(22x8% =  249.33 inches®
y: = Depth-d = 11-8 = 3.00 inches
Zi = Inalyi = 249.33/3 = 83.11inches®
Yo = d = 8.00 inches
Zy = Inal¥o = 249.33/8 = 31.17inches®

*Note that the contribution of individual (i) of flange to total Ik is
1/1,657.33 = .0006 and could have been left out of the calculation.

12 ‘

NEUTRAL AXIS

d= 8" 10"

BASELINE

—_— " | ——

Figure 5-21. 'T" Beam.
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EXAMPLE 5-7

SECTION MODULUS CALCULATION
FOR A RECTANGULAR BARGE

Calculate the section modulus of the barge in Figure 5-22, whose

cross section and dimensions are given below.

Section b h a, y ay lafz h b,
(in) (in) (in%) (in) (in® ft) (in“ft)  (ft) (in“ft)
Deck Girder (V) 0.625 12 7.5 19.5 156 3044 1.0 0.67
Deck Girder (H) 5.375 0.625 3.36 19.0 57 1209 0.007  0.0025
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Plating 630 0.625 394 20.0 7865 157090 0.1 0
Port Side Members
Side Plating 0.375 240 90 10.0 900 9000 20.0 3000
Sheer Strake 0.625 30 19 18.8 352 6592 25 10
Deck Stringer 30 0.625 19 20.0 375 7500 0.1 0
Side Stringer (H) 6 0.5 3 6.7 20 133 0.0 0
Side Stringer (V) 0.5 25 1 6.6 8 54 0.2 0
Side Stringer (H) 6 0.5 3 13.3 40 533 0.0 0
Side Stringer (V) 0.5 25 1 13.2 17 219 0.2 0
Bilge Strake 0.625 30 19 1.3 23 29 25 10
Stbd Side Members
Side Plating 0.375 240 90 10.0 900 9000 20.0 3000
Sheer Strake 0.625 30 19 18.8 352 6592 25 10
Deck Stringer 30 0.625 19 20.0 375 7500 0.1 0
Side Stringer (H) 6 0.5 3 6.7 20 133 0.0 0
Side Stringer (V) 0.5 25 1 6.6 8 54 0.2 0
Side Stringer (H) 6 0.5 3 13.3 40 533 0.0 0
Side Stringer (V) 0.5 25 1 13.2 17 219 0.2 0
Bilge Strake 0.625 30 19 1.3 23 29 25 10
Keel Strake 24 2 48 0.1 4 0 0.2 0
Vertical Keel 2 24 48 1.0 56 65 2.0 16
Keel Top Rider 18 1 18 2.0 40 88 0.1 0
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 1 0.46 5 3 0.9 1
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 1 0.5 6 3 0.9 1
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 1 0.5 6 3 0.9 1
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 1 0.5 6 3 0.9 1
Bottom Plating 630 0.75 473 0.0 15 0 0.1 0
Totals 1,447. 12,781 229,794 6,062
d = AYA = 12,781/1,447 = 8.83ft
Ik = AY+l = 229,794 + 6,062 = 235,856 in” ft?
Ina =k - Ad = 235,856 - (1,447 x 8.83%) = 123,036 in’ ft?
yi = Depth-d = 20-8.83 = 1147 ft
Zi = laaly: = 123,036/11.17 = 11,015in’ ft
Yo = d = 8.83ft
Zy = nalyo = 123,036/8.83 = 13,934 in*ft

COMPONENTS OF RECTANGULAR BARGE

DECK STRINGER

SHEER
L L[ ~“~ STRAKE

3313

i
i

1 ! DECK GIRDERS —
i

D=20 STRINGERS
— TOP RIDER PLATE [
‘ ‘4__ BILGE
SR e nle S i e

Figure 5-22. Cross Section of a Barge for Example 5-7.

When the bending moment and section modulus have been
calculated, the bending stress can be calculated using the method

given in Paragraph 5-5.1.

Because intact ships are usually symmetrical about the centerline,
normally only the areas and moments of inertia of the components on
one side of the ship's centerline are calculated. The results are then
multiplied by two to determine the section modulus for the whole
section.

EXAMPLE 5-8
CALCULATION OF BENDING STRESS IN A BARGE

Using the section modulus from the previous example, calculate
the maximum bending stresses if the hogging bending moment is
100,000 foot-tons.

o=M/Z
For the top of the barge:

o= M/z,

o= 100,000/11,015

o= 9.08 tons per square inch (tsi) in tension
0= 9.08 x 2,240 = 20,339 psi

For the bottom of the barge:

o= M/Z,

o= 100,000/13,934

0= 7.18 tsi in compression
0= 7.18 x 2,240 = 16,083 psi



EXAMPLE 5-9
CALCULATION OF SHEAR STRESS IN A BARGE

Determine the shear stress in the barge whose section modulus
was calculated in Example 5-7. The barge has a shear of 1,500
tons at the quarter length point for a specific condition of loading.
Since the barge is of uniform construction throughout its length, the
areas of the individual components used for the midship section
modulus calculation can be used. In a vessel of other-than-uniform
construction, the sectional areas of the components at that section
would have to be determined to complete the following calculation.

) b h a y y (NA) AY
st (in) (in) (in?) (ft) (ft) (in? ft)
Deck Girder (V) 0.625 12 8 19.5 10.7 86
Deck Girder (H) 5.375 0.625 3 19.0 10.2 31
Deck Girder (V) 0.625 12 8 19.5 10.7 86
Deck Girder (H) 5375 0.625 3 19.0 10.2 31
Deck Girder (V) 0.625 12 8 19.5 10.7 86
Deck Girder (H) 5.375 0.625 3 19.0 10.2 31
Deck Girder (V) 0.625 12 8 19.5 10.7 86
Deck Girder (H) 5375 0.625 3 19.0 10.2 31
Deck Girder (V) 0.625 12 8 19.5 10.7 86
Deck Girder (H) 5.375 0.625 3 19.0 10.2 31
Deck Girder (V) 0.625 12 8 19.5 10.7 86
Deck Girder (H) 5375 0.625 3 19.0 10.2 31
Deck Plating 630 0.625 394 20.0 11.2 4413
Port Side
Side Plating 0.375 134 50 14.4 5.6 280
Sheer Strake 0.625 30 19 18.8 10.0 190
Deck Stringer 30 0.625 19 20.0 11.2 213
Side Stringer (H) 6 0.5 6.7 -21
Side Stringer (V) 05 25 6.6 2.2
Side Stringer (H) 6 0.5 3 13.3 4.5 14
Side Stringer (V) 0.5 25 1 13.2 4.4 4
Bilge Strake 0.625 30 1.3 -7.5
Stbd Side
Side Plating 0.375 134 50 14.4 5.6 280
Sheer Strake 0.625 30 19 18.8 10.0 190
Deck Stringer 30 0.625 19 20.0 11.2 213
Side Stringer (H) 6 0.5 6.7 -21
Side Stringer (V) 0.5 25 6.6 -2.2
Side Stringer (H) 6 0.5 3 13.3 4.5 14
Side Stringer (V) 0.5 25 1 13.2 4.4 4
Bilge Strake 0.625 30 1.3 -7.5
Keel Strake 24 2 0.1 -8.7
Vertical Keel 2 24 1.2 -7.6
Keel Top Rider 18 1 2.2 -6.6
Longitudinal (H) 12 1 1.0 -7.8
Longitudinal (V) 1 11 0.5 -8.3
Longitudinal (H) 12 1 1.0 -7.8
Longitudinal (V) 1 11 0.5 -8.3
Longitudinal (H) 12 1 1.0 -7.8
Longitudinal (V) 1 11 0.5 -8.3
Longitudinal (H) 12 1 1.0 -7.8
Longitudinal (V) 1 11 0.5 -8.3
Bottom Plating 630 0.75 0.0 -8.8
Totals 643 6,517
d=8.83
s 200
I,,=123,036 in’ft
Shear =1,500.00 tons
b=0.0625 ft
SxAY
Shear stress =——
144x I xb
1,500 % 6,517 .
Shear stress = : - =9.2 tsi
144 x123,036 % 0.06

Shear stress =9.2 x 2,240 = 20,608 psi

Note: The constant 144 inches?/feet® is used to give an answer in
tsi when shear is in long tons, AY is in inches? feet, Ina is in inches?
feet’ and b is in feet.
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5-5.3 Shear Stress in the Ship's Girder. The shear forces along
the ship's length tend to move one section of the ship relative to the
adjacent section. Shear stress at the neutral axis is given by:

L Sx (4r)
Ixb
where:
T = Shear stress at the neutral axis
S = Shear force at the section

AY = Moment about the neutral axis of the part of the section
above the neutral axis

I = Moment of inertia of the section about the neutral axis

b Total width of material at the neutral axis

Moment of inertia is obtained as part of the section modulus
calculation described in Paragraph 5-5.2. The quantity AY is
determined by finding the area of each element of the cross section,
multiplying that area by the distance from its center to the neutral
axis, and summing the products in the same manner that AY about
the keel was determined in the initial section modulus calculation.

Shear stress is maximum at the neutral axis because the moment of
arca about the neutral axis involves the maximum amount of
material.

5-5.4 Pulling Loads. When a ship is pulled, the pull is distributed
into the ship's structure relatively evenly as pure tensile loading.
Pulling load adds to the stress in those members under tension and
decreases the stress in members under compression. In comparison
with bending loads, pulling loads are usually quite small, but should
be included in salvage strength analysis. Pulling loads are calculated
by dividing the total amount of pull being applied by the total area of
the material in the midships or other section.

EXAMPLE 5-10
CALCULATION OF PULLING STRESS

The barge described in the preceding example has a total area of
structure amidships of 1,447 square inches, tensile bending stress
in the deck of 20,339 psi and compressive bending stress in the
bottom of 16,083 psi. If a pull of 250 short tons is applied to the
grounded barge, what is the resulting stress?

Pulling stress:
Stress = Pull/Area
Stress = (250 x 2,000)/1,447
Stress = 346 psi

Deck stress:
Deck stress = bending stress (tension) + pulling stress
Deck stress = 20,339 + 346
Deck stress = 20,685 psi (tension)

Bottom stress:
Bottom stress = bending stress (compression) - pulling stress
Bottom stress = 16,083 - 346

Bottom stress = 15,737 psi (compression)

5-15
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Table 5-1 Material Strengths.

YIELD
MATERIALS STRESS, PSI
oY
METALS
STEELS
Mild Steel 28,000 - 43,000
Shipbuilding Steel (ASTM 131) 32,000
Wrought Iron 26,000
HY 80 80,000
HY 100 100,000
High-Strength, Low-Alloy (HSLA)
ASTM A242 50,000
ASTM A440 46,000
ALUMINUM ALLOYS
Non-Heat-Treated (6061) 8,000
Heat-Treated (5056) 22,000
NON-METALS
WOODS
Douglas Firs
Oak
White Pine
Spruce
Notes:

1. Load applied parallel to grain
2. Load applied across grain

ULTIMATE YIELD ULTIMATE
STRESS, PSI STRESS, PSI STRESS, PSI
ocU TY TU
53,000 - 64,000 15,000 - 23,000 29,000 - 35,000
58,000 - 71,000 17,000 32,000 - 39,000
47,000 14,000 26,000
130,000 44,000 71,000
not specified 55,000 not specified
70,000 27,000 36,000
67,000 25,000 37,000
18,000 4,400 10,000
42,000 12,000 23,000
TENSILE! COMPRESSIVE' SHEAR?
12,400 7,400 1,160
15,000 7,000 2,000
9,000 5,000 1,000
10,000 5,500 1,100
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Figure 5-23. Maximum Allowable Shear and Bending Moment.

Figure 5-24. Determining Safe Loading Conditions Using Curves.
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5-6 STRENGTH OF MATERIALS.

The measure of a material's strength is the maximum stress it can carry.
Shipbuilding materials reach a tensile stress level called the yield point
after which any change in shape is permanent. Stress levels exceeding
the yield point are required to actually break the material (the ultimate
stress level), however, the material has already failed. In tension, ultimate
failure will be an actual fracture; in compression, a buckle may occur that
may or may not tear the material. Yield stress is the maximum acceptable
stress. Many materials show different strength characteristics under
different types of stress (tensile, compression, or shear). Table 5-1 gives
the properties of common shipbuilding materials.

For ductile materials (i.e., most metals), shear strength is approximately
55 to 60 percent of the tensile strength:

T, ~.55%x0y

T, ®.55%x0u

The relationship is not valid for non-ductile materials, such as wood,
concrete, plastics, fiberglass, etc.

5-6.1 Failure. Failure of the hull girder is often subtle. Slender
structural members, such as plating and longitudinals, fail in compression
by buckling or bending. Buckled plating or structural members have
failed and must be replaced or reinforced, not straightened. Structural
members can fail under shear stress as well as bending stress. Shear
failure is characterized by wrinkles or cracks in side plating at a 45-
degree angle to the line of stress. Shear failure is generally less serious
than bending failure, except in very large ships.

5-6.2 Safety Factors. The safety factor is the ratio between the
design or safe working stress of a structure and the stress at failure. An
appropriate safety factor keeps stresses well below the failure point and
allows for manufacturing defects and inconsistencies in loading. Safety
factors are specified by regulatory agencies, depending on intended use of
systems and components. In salvage, it is not always possible to use a
standard safety factor, and a reduced safety factor must often be accepted.
Salvors cannot disregard safety factors, however. Each situation must be
examined to determine acceptable stresses and loads. A reduced safety
factor represents an increased chance of failure. When accepting a risk of
failure, its consequences must be evaluated in terms of the effect on the
overall job.

5-7 STRENGTH IN SALVAGE OPERATIONS.

A ship is designed and constructed to withstand expected shear forces
and bending moments. In an intact floating ship, maximum bending
moment occurs near the midships region and maximum shear near the
quarter length points. These sections are designed to ensure that stresses
remain within acceptable limits. Two conditions common to salvage
operations may require that the stress levels be examined at other points:

e The ship may be loaded in ways not foreseen by the designer.
Because of flooding, grounding, or other unusual conditions of
loading, maximum bending moment can occur at some section other
than midships. Similarly, maximum shear may be at some point
other than the quarters.

e Damage can alter the stress distribution at a section so that
maximum stress can occur in some section other than where
maximum bending moment or shear occurs. Damage, even over a
short distance, disrupts the continuity of longitudinal members and
reduces the section modulus for some distance on either side of the
damaged section.

The load, shear, and bending moment curves of a casualty must be
examined carefully. The following items should receive attention:

e Stress levels should be determined wherever shear or bending
moment are maximum or the section modulus is reduced.
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o The effects of salvage actions on load, shear, and bending moment
should be examined before taking the actions.

o Accesses should not be cut in locations that will reduce the section
modulus or strength member continuity.

The components of the hull girder are arranged to give enough section
modulus to carry anticipated loads. The sheer strake, strength deck, keel,
and bottom longitudinals and plating are subjected to the highest loading
stress levels. These components are critical to the strength of the hull
girder. In salvage operations, strength members should be inspected
carefully for damage, and care should taken to avoid unnecessary damage
to members subject to high stress levels. Damage to members close to the
neutral axis, such as a hole near the waterline, caused by collision or
contact weapons, generally has less impact on longitudinal strength than
damage to the keel or a strength deck located at a greater distance from
the neutral axis. Some damage, such as holes, wrinkles, cracks, and torn
plating, is obvious. Other damage may be less obvious or may be
inaccessible for inspection. Salvors should inspect the ship's structure
frequently for signs of damage. Some of the signs of damage are:

o Rust and scale newly flaked from structural members or cracked
or flaking paint on structural members

e Double-bottom plating setup or with the lines of internal structure
very obvious

e Changes in the alignment of masts and other fixed topside
installations

e Long shallow indentations of plating that can best be seen by
placing the eye close to the structure and looking along it or by
shining a light parallel to the plating for better viewing.

o Cracked welds
e Cracked deck coating
o Misalignments

¢ Changes in any of the above.
There are three primary uses for strength calculations in salvage:

e To analyze the stress in the hull in the condition in which salvors
find the ship

e To determine the effect on ship's strength of planned salvage actions

o To determine the ability of a damaged hull to carry loads.

5-7.1 Initial Analysis. The initial analysis of a casualty's strength
includes development of the bending moment curve and determination of
the section modulus and bending stress to establish a baseline for other
calculations. The maximum allowable bending moment can be found by
multiplying the yield stress of the material by the section modulus. A
calculation of the maximum allowable shear may be made by substituting
the maximum allowable shear stress and solving for the shear required to
produce this stress.

When the structure is damaged, wasted, or its condition unknown, a
safety factor may be added to keep the applied stress below the maximum
allowable. Maximum allowable bending moment shear should be plotted
on the bending moment and shear force curves as shown in Figure 5-23.

5-7.2 Analysis of Planned Actions. When a salvage action is
planned that will affect the load, and thus the shear and bending moment,
the effect of the action should be analyzed by developing and plotting
new shear and bending moment curves. If the values of the maximum
bending moment and shear are below the allowable maximums, the new
load is safe. If they exceed the maximum, the action should not be taken.
Figure 5-24 shows this principle.
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5-7.3 Damaged Strength. When a ship's structure has suffered usually bending of the hull. The ability of a damaged ship to carry
damage, the ability of the ship to carry the design loads is reduced. If the bending loads can be estimated by considering all missing or damaged
strength is reduced enough, the hull may fail catastrophically under plating as simply not present when calculating the section modulus.
conditions that it could normally withstand. The most serious problem is

EXAMPLE 5-11
SECTION MODULUS, SHEAR, AND BENDING STRESS IN A
BARGE DAMAGED BY GROUNDING

The barge whose section modulus was calculated in example in 5-7 has grounded on a hard bottom and taken the following damage on the port
side as shown in Figure 5-25:

Bottom plating and internals are missing from the bilge strake to a point 15 feet inboard of the bilge strake. Bilge strake and side plating are heavily
indented and wrinkled between the bottom and the first side stringer.

What is the effect on section modulus, bending stress, and shear stress if the bending moment is 100,000 foot-tons, hogging?
a. Section modulus of damaged barge:

Consider all plating and longitudinals that are damaged to be non-existent.

Section b h a y ay ay? h [
(in) (in) (in?) (ft) (in® ft) (in® ft®) (ft) (in® ft))
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Plating 630 0.625 394 20.0 7865 157090 0.1 0
Port Side
Side Plating 0.375 160 60 13.3 800 10667 13.3 889
Sheer Strake 0.625 30 19 18.8 352 6592 2.5 10
Deck Stringer 30 0.625 19 20.0 375 7500 0.1 0
Side Stringer (H) 6 0.5 3 6.7 20 133 0.0 0
Side Stringer (V) 0.5 25 1 6.6 8 54 0.2 0
Side Stringer (H) 6 0.5 3 13.3 40 533 0.0 0
Side Stringer (V) 0.5 25 1 13.2 17 219 0.2 0
i 0625 30 19 13 23 29 25 10
Stbd Side
Side Plating 0.375 240 90 10.0 900 9000 20.0 3000
Sheer Strake 0.625 30 19 18.8 352 6592 2.5 10
Deck Stringer 30 0.625 19 20.0 375 7500 0.1 0
Side Stringer (H) 6 0.5 3 6.7 20 133 0.0 0
Side Stringer (V) 0.5 25 1 6.6 8 54 0.2 0
Side Stringer (H) 6 0.5 3 13.3 40 533 0.0 0
Side Stringer (V) 0.5 25 1 13.2 17 219 0.2 0
Bilge Strake 0.625 30 19 1.3 23 29 2.5 10
Keel Strake 24 2 48 0.1 4 0 0.2 0
Vertical Keel 2 24 48 1.2 56 65 2.0 16
Keel Top Rider 18 1 18 2.2 40 88 0.1 0
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 11 0.5 6 3 0.9 1
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 11 0.5 6 3 0.9 1
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 11 0.5 6 3 0.9 1
Longitudinal-(H) 12 1 12 10 12 13 01 0
Longitudinal-(\Y) S 11 14 05 6 3 09 S
Bottom Plating 450 0.75 338 0.0 11 0 0.1 0
Totals 1,240 12,635 231,416 3,941
d = AY/A = 12,635/1,240 = 10191t
Ik = AY? + | = 231,416 + 3,941 = 235,357 in” ft®
Ina = lk-Ad? = 235,357 - (1,240 x 10.19%) = 106,600 in” ft*
Vi = Depth-d = 20-10.19 = 9.81ft
Z = Inalyi = 106,600/8.87 = 10,866 in® ft
Yo = d = 10.19 ft
Z = InalYo = 106,600/10.19 = 10,461 in® ft

CONTINUED ON NEXT PAGE



EXAMPLE 5-11 (CONTINUED)
SECTION MODULUS, SHEAR, AND BENDING STRESS IN A
BARGE DAMAGED BY GROUNDING

b.  Section modulus by alternate method:

If the section modulus for the intact section has already
been calculated or is available from the ship's drawings,
section modulus for the damaged section can be
calculated by deducting the contribution of the damaged
or missing members.

First, sum areas and moments for all damaged plating and
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EXAMPLE 5-11 (CONTINUED)
SECTION MODULUS, SHEAR, AND BENDING STRESS IN A
BARGE DAMAGED BY GROUNDING

d. Shear stress at neutral axis for damaged barge:

d=10.19 ft
1., =107,600.00 in’ ft*
Shear =1,500.00 tons®

longitudinals:
Section b h a y ax ay2 h i
(in) (in) (in®)  (ft) (in” ft) (fitg2 (f) (in*ft)
)
Side Plating 0.375 240 90 10.0 900 9000 20.0 3000
Bilge Strake 0.625 30 19 13 23 29 25 10
Longitudinal (H) 12 1 12 1.0 12 13 01 0
Longitudinal (V) 1 11 1 05 6 3 09 1
Bottom Plating 630 0.75 473 0.0 15 0 _ 0.1 0
605 956 9045 3011
Deduct these sums from the totals for the intact section:
Intact Section 1,447 12,781 229,794 6,062
- Damaged Member Totals 604 956 9,045 3,011
Sub-totals 843 11,825 220,749 3,051
Sum areas and moments for residual portions of members
that have been deducted, (upper part of the side plating
and starboard part of the bottom plating):
Section b h a y ay ay2 h i
(in) (in) (in%) (f)  (in*ft)  (in’f) (f) (in’ft?)
Side Plating 0.375 160 60 13.3 800 10667 133 889
Bottom Plating 450 0.75 338 0.0 11 0 0.1 0
Totals 398 811 10,667 889
Add these sums to the sub-totals calculated above:
Sub-totals 843 11,824 220,749 3,052
+ Residual Portion Totals 398 811 10,667 889
Damaged Section Totals 4 241 1263 231416 3,941

The area and moment totals are similar to those calculated
in part a. of this example and could be used to calculate d,
Ik, and Ina as in part a, with similar results. Slight round-off
errors are not significant.

Note that for partialy damaged members, areas and
moments for the entire member must be deducted from the
intact section totals. Areas and moments for remaining
sound portions of the members are then added. Simply de-
ducting areas and moments of the damaged portion of the
member will introduce errors in the ay, ay”, and i terms.

c. Bending stress calculation:

~ 100,000

10,866

Deck stress =9.20 tons per square inch in tension
Deck stress =9.20 x 2,240 = 20,608 psi

Deck stress

_ 100,000

10,461

Bottom stress =9.56 tons per square inch in compression
Bottom stress =9.56x 2,240 =21,414 psi

Bottom stress

CONTINUED

b=0.0625 ft
Section b h a y(BL) y(NA) ay(NA)
(in) (in) (in) (ft) (in? ft)
Deck Girder (V) 0.625 12 8 19.5 9.3 74.4
Deck Girder (H) 5375  0.625 3 19.0 8.8 26.4
Deck Girder (V) 0.625 12 8 19.5 9.3 74.4
Deck Girder (H) 5.375 0.625 3 19.0 8.8 26.4
Deck Girder (V) 0.625 12 8 19.5 9.3 74.4
Deck Girder (H) 5375  0.625 3 19.0 8.8 26.4
Deck Girder (V) 0.625 12 8 19.5 9.3 74.4
Deck Girder (H) 5.375 0.625 3 19.0 8.8 26.4
Deck Girder (V) 0.625 12 8 19.5 9.3 74.4
Deck Girder (H) 5375  0.625 3 19.0 8.8 26.4
Deck Girder (V) 0.625 12 8 19.5 9.3 74.4
Deck Girder (H) 5.375 0.625 3 19.0 8.8 26.4
Deck Plating 630 0.625 394 20.0 9.8 3861
Port Side

Side Plating 0.375 118 44 15.1 4.9 216

Sheer Strake 0.625 30 19 18.8 8.6 163

Deck Stringer 30 0.625 19 20.0 9.8 186

Side Stringer (H) 6 0.5 6.7 -3.5 0

Side Stringer (V) 0.5 25 6.6 3.6 0

Side Stringer (H) 6 05 3 13.3 3.1 9

Side Stringer (V) 0.5 25 1 13.2 3.0 3

Stbd Side

Side Plating 0.375 118 44 15.1 4.9 217

Sheer Strake 0.625 30 19 18.8 8.6 161

Deck Stringer 30 0.625 19 20.0 9.8 184

Side Stringer (H) 6 0.5 6.7 -3.5 0

Side Stringer (V) 0.5 25 6.6 3.6 0

Side Stringer (H) 6 05 3 13.3 3.1 9

Side Stringer (V) 0.5 25 1 13.2 3.0 4
Bilge Strake 0.625 30 1.3 -8.9 0
Keel Strake 24 2 0.1 -10.1 0
Vertical Keel 2 24 1.2 -9.0 0
Keel Top Rider 18 1 2.2 -8.0 0
Longitudinal (H) 12 1 1.0 -9.2 0
Longitudinal (V) 1 il 0.5 9.7 0
Longitudinal (H) 12 1 1.0 9.2 0
Longitudinal (V) 1 11 0.5 -9.7 0
Longitudinal (H) 12 1 1.0 -9.2 0
Longitudinal (V) 1 il 0.5 9.7 0
Bottom Plating 450 0.75 0.0 -10.2 0
Totals 637 5,609

x AY
Shear stress = ——
144 x I xb
1,500x 5,603
Shear stress = 2 2 =
144 x106,600 x 0.0625

Shear stress =8.76 x 2,240 =19,622 psi

DECK STRINGER-\

1713

—

] i
o o ! DECK GIRDERS
S ! N
a STRINGERS |
I | ~TOP RIDER PLATE
- i ]
R i B N [t

1 1
“—11-25 > \_ LONGITUDINAL
KEEL STRAKE

WIDTH = 52.5'
COMPONENTS OF RECTANGULAR BARGE

Figure 5-25. Barge Damaged by Grounding for Example 5-11.
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EXAMPLE 5-12
SECTION MODULUS, SHEAR, AND BENDING STRESS IN A
BAGE DAMAGED BY COLLISION

The barge in Example 5-11 has been refloated and repaired. While it is being towed out of the ship yard, it is in collision with a clipper bowed
yacht that holes the port side amidships from two feet above the bilge strake to two feet below the stringer plate. Figure 5-26 shows the
damage sustained in the collision. The barge is loaded with cumshaw from the shipyard and sleeping shipyard workers, so the bending
moment is the same as in the preceding example. What is the effect of the damage on section modulus and bending stress?

a. Section modulus of damaged barge:

Consider all plating and longitudinals that are damaged to be non-existent.

Section Dimensions h a y ay azy2 h i
(in) (in) (in?) (ft) (in® ft?) (in” %) (ft) (in*t?)
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Girder (V) 0.625 12 8 19.5 146 2852 1.0 1
Deck Girder (H) 5.375 0.625 3 19.0 64 1209 0.1 0
Deck Plating 630 0.625 394 20.0 7865 157090 0.1 0
Port Side
Side Plating 0.375 24 9 19.0 171 3249 2.0 3
Side Plating 0.375 66 25 2.8 68 187 55 62
Sheer Strake 0.625 24 15 19.0 285 5415 2.0 5
Deck Stringer 30 0.625 19 20.0 375 7500 0.1 0
Bilge Strake 0.625 30 19 1.3 23 29 25 10
Stbd Side
Side Plating 0.375 240 90 10.0 900 9000 20.0 3000
Sheer Strake 0.625 30 19 18.8 352 6592 2.5 10
Deck Stringer 30 0.625 19 20.0 375 7500 0.1 0
Side Stringer (H) 6 0.5 & 6.7 20 133 0.0 0
Side Stringer (V) 0.5 25 1 6.6 8 54 0.2 0
Side Stringer (H) 6 0.5 3 13.3 40 533 0.0 0
Side Stringer (V) 0.5 2.5 1 13.2 17 219 0.2 0
Bilge Strake 0.625 30 19 1.3 23 29 25 10
Keel Strake 24 2 48 0.1 4 0 0.2 0
Vertical Keel 2 24 48 1.2 56 65 2.0 16
Keel Top Rider 18 1 18 2.2 40 88 0.1 0
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 11 0.5 6 3 0.9 1
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 11 0.5 6 3 0.9 1
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 11 0.5 6 3 0.9 1
Longitudinal (H) 12 1 12 1.0 12 13 0.1 0
Longitudinal (V) 1 11 11 0.5 6 3 0.9 1
Bottom Plating 630 0.75 473 0.0 15 0 0.1 0
Totals 1,381 11,969 222,112 3,126
d = AYA = 11,969/1,381 = 867 ft
lk = AY*+| = 222,112+3,126 = 225,238 in’ ft*
Ina = Ik-Ad? = 225238- (1,381 x 8.67%) = 121,430 in®ft?
y¢ = Depth-d = 20-867 = 11.33ft
Ze = Ialye = 121,430/11.33 = 10,718 in* ft
Yo = d = 8.67ft
Zo = Inalye = 121,430/8.67 = 14,006 in® ft

b. Bending stress:
100,000
10,718
Deck stress =9.33 tsi in tension
Deck stress =9.33x 2,240 = 20,899 psi

Deck stress =

100,000

14,006
Bottom stress = 7.14 tsi in compression
Bottom stress = 7.14 x 2,240 =15,994 psi

Bottom stress =

CONTINUED ON NEXT PAGE

5-20



EXAMPLE 5-12 (CONTINUED)
SECTION MODULUS, SHEAR, AND BENDING STRESS IN A
BARGE DAMAGED BY COLLISION

c. Shear stress calculation for damaged barge:
d=8.67 ft
I, =121,430 in* ft’
Shear =1,500 tons’
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has essentially lost all of its ability to carry compressive loads, but
has a large portion of its ability to carry tensile loads remaining.

e Heavily indented or dished plate in large areas cannot carry
compressive loads as great as plating that is straight. The tensile
strength remains about the same.

o Cracking may occur around the edges of other damage or by itself.
The greatest danger of cracks is that they will grow under tensile
load. Vertical cracks in the sides or athwartship cracks across the

b=0.0313 ft
decks or bottoms are more dangerous than fore-and-aft cracks.
) b h a y (BL) y (NA) ay (NA) .

Section (in) i) () ") {in 10 (in” 1t Diagonal cracks are also dangerous because they have a component
Deck Girder (V) 0.625 12 8 19.5 10.8 86 in the vertical or athwartships direction and can grow under load.
Deck Girder (H) 5375 0625 3 19.0 10.3 31
Deck Girder (V) 0.625 12 8 19.5 10.8 86 o Fire-damaged plate has suffered a loss of strength from wastage and
Deck Girder (H) 5375 0625 3 19.0 10.3 31 . L . .
Deck Girder (V) 0.625 12 8 195 108 86 changes in characteristics and may have essentially no residual
Deck Girder (H) 5.375 0625 3 19.0 10.3 31 strength in either tension or compression.

Deck Girder (V) 0.625 12 8 19.5 10.8 86
Deck Girder (H) 5375 0625 3 19.0 10.3 31
Deck Girder (V) 0.625 12 8 19.5 10.8 86
Deck Girder (H) 5375 0625 3 19.0 10.3 31 DECK STRINGER
Deck Girder (V) 0.625 12 8 19.5 10.8 86 i .
Deck Girder (H) 5375 0625 3 19.0 10.3 31 —~ ; —_— SHEER
Deck Plating 630 0625 394 20.0 11.3 4452 & i
Port Side Members - I J J J H L L L }‘ STRAKE
Side Plating 0.375 24 9 19.0 10.3 93 f !
Side Plating 0.375 66 2.8 -5.9 0 !
Sheer Strake 0.625 24 15 19.0 10.3 155 _ |
Deck Stringer 30 0625 19 20.0 11.3 215 < ! DECK GIRDERS —
Bilge Strake 0.625 30 1.3 7.4 0 I :
Stbd Side Members a :
Side Plating 0375 136 50 19.3 56 280 i
Sheer Strake 0.625 30 19 18.8 10.1 192 i TOP RIDER PLATE
Deck Stringer 30 0625 19 20.0 11.3 215 ! ]
Side Stringer (H) 6 0.5 6.7 -2.0 0 & ! BILGE
Side Stringer (V) 0.5 25 6.6 -2.1 0 19 ‘ ‘4——-
Side Stringer (H) 6 05 3 13.3 46 14 N\ L STRAKE
Side Stringer (V) 05 25 1 13.2 45 5 !
Bilge Strake 0.625 30 1.3 7.4 0 1
Keel Strake 24 2 0.1 8.6 0 LONGITUDINAL ¢ KEEL STRAKE
Vertical Keel 2 24 1.2 7.5 0
Keel Top Rider 18 1 2.2 -6.5 0 WIDTH = 52.5' >
Longitudinal (H) 12 1 1.0 1.7 0
Longitudinal (V) 1 11 0.5 -8.2 0
Longitudinal (H) 12 1 1.0 7.7 0 COMPONENTS OF RECTANGULAR BARGE
Longitudinal (V) 1 11 05 -8.2 0
Longitudinal (H) 12 1 1.0 1.7 0
Longitudinal (V) 1 11 0.5 -8.2 0
Longitudinal (H) 12 1 1.0 7.7 0 . -
Longitudinal (V) 1 11 05 8.2 0 Figure 5-26. Barge Damaged by Collision for Example 5-12.
Bottom Plating 630 0.75 0.0 -8.7 0
Totals 595 6323
X AY Temporary repairs to restore the strength of ship's structure must be made
Shear stress = T4000 <b properly so that they do not introduce new problems that are more severe
XX than the ones they solve. In 2000, the USS COLE, was severely damaged
e i = 1,500 6,323 —17.33 tsi at the waterline due to a catastrophic explosion she sustained while
144 x121,430x 0.0313 refueling in Yemen. Temporary repairs were made to the hull of the ship

Shear stress =17.33x 2,240 = 38,819 psi

Note: This stress is greater than the yield stress in shear of 17,600
psi for common shipbuilding steel. The barge has not necessarily
broken in two, but since the residual strength of the steel cannot be
determined by the methods presented in this manual, the section is
considered to have failed. Immediate corrective actions are:

e Change the loading of the barge to reduce shear force at the
failed section

¢ Reinforce the failed section by shoring

¢ A combination of both actions.

In fact, plating and longitudinals that are damaged have residual strength
that can contribute to the section modulus. The estimates of residual
strength are beyond the scope of this manual and should be made by a
salvage engineer or naval architect.

Some types of damage are particularly dangerous. Every salvor should
be able to recognize them and know that the problem they represent is
serious. Dangerous types of damage include, but are not limited to:

o Buckling of plate and stiffeners, or failure in compression, is char-
acterized by in-and-out displacement of the plating or stiffener in a
plane perpendicular to the primary load. Structure that has buckled

that provided the necessary hull integrity needed to transfer the ship to a
drydock vessel. The ship was subsequently transferred back to the United
States for full repairs. The initial temporary repairs focused on two key
aspects. The first aspect was the stability of the ship, and closing the hole
in the hull in such a way as to prevent further negative impact on ship
stability. A principle consideration was free surface effect of water
flowing in and out of the hole. The second critical aspect was assuring the
repair structure and welds were performed in such a manner as to regain
the structural integrity of the ship prior to transport or drydocking.

An initial survey of the remaining structure was important for determin-
ing how a temporary repair would be conducted. The stresses to the hull
while the USS COLE was transferred from a floating condition to a
drydocked condition aboard the docking ship were significant. Structural
Engineers developed a repair patch utilizing steel beams and plating that
effectively closed the hole and attached to the remaining hull structure.

Improperly designed temporary repairs have led to ship losses. Design of
such repairs is beyond the scope of this manual. All such designs should
be made by a salvage engineer or naval architect. The best option for
salvors is to redistribute the load to reduce shear and bending moment
forces at the damaged section until a salvage engineer or naval architect
can assess the situation.
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CHAPTER 6
THE STRANDED OR SUNKEN SHIP

6-1 INTRODUCTION. salvage operationsU.S. Navy Salvage Manual Volume 2, POL
Offloading (S0300-A6-MAN-020) and Volume 3, POL Snill

A ship that is grounded intentionally is beached; one that is grounddgesponse (S0300-A6-MAN-030) provide specific guidance for

unintentionally is stranded. A stranded ship is in a position hepollution control during salvage operations.

designers, builders, and operators never intended. Whether warship,

cargo carrier, or service or industrial vessel, she is immobile aniflost harbor clearance work deals with sunken and capsized ships.

subject to very different forces and conditions than when in normalrhese ships are nearly always damaged. Ships sink or capsize because

service. The ability to evaluate the position and condition of the shighey lose their buoyancy or stability through battle damage, collision,

to understand the difficulties she is in, and to develop a plan to seeeather damage, intentional flooding, or other means. Damage makes

the ship safely afloat sets salvors apart from other seamen. salvage more difficult than it would be for an intact ship in the same
place. Beyond this, and the fact that the ships are largely or totally

A stranded ship is no longer mobile and floating freely on the surfacsupported by the ground, the common circumstances of stranded ships

of the sea supported by buoyancy. A portion of her weight rests upao not apply to sunken ships. Ships may sink completely beneath the

the ground. The distribution of the forces supporting the ship isurface, sink only partially, so they lie on the seafloor partially above

altered. This redistribution of support has several effects: the surface, or they may be partially supported by their buoyancy. In
any of these conditions, they may be upright or capsized.

« The weight on the ground acts like the removal of the same
weight at the keel and changes the ship's stability characteristic¥here are a limited number of methods of salvaging sunken ships,
though the variations of the basic means are almost infinite. Sunken

« The ground, particularly rocky seafloors, can cause extremelghips may be removed by:

high local loading and damage or penetrate the hull.

« The change in support alters the load in the ship causing, in turn, * Restoring buoyancy
changes in shear force and bending moment. * Physical lifting with external forces
* Wrecking in place.
The stranded ship will not respond to the hull loading in the same
way as when she is afloat due to the new disturbing forces. In thfsapsized ships may be removed by:
new environment, ship stability changes as do the distribution of ) ) .
forces, making the ship more vulnerable to further damage. * Rolling upright and refloating
« Refloating on their side or upside down
The seafloor may not be a solid support. It may behave as a very® Wrecking in place.
dense fluid, moving in response to the forces the ship and the
environment apply. Changes in the seafloor and in the way it suppor¥l salvage work is a combination of seamanship and engineering. In
the ship can cause the stranded ship's position to change. stranding salvage, seamanship dominates; salvage or clearance of
sunken ships requires a greater proportion of engineering. This
The conditions of a stranding are seldom fully defined in thechapter discusses the influences salvors must consider in raising or
beginning and often are not completely defined during the salvag€moving sunken ships, and introduces some of the calculations used
operation. Salvage of a stranded ship is time-critical because weatHBrharbor clearance. Because of the importance of ship engineering in
and sea conditions always worsen the situation. There is no time e salvage of sunken ships, a thorough grasp of the first five chapters
wait until conditions are optimum or until all information is known. of this manual is a prerequisite to understanding this chapter.
Salvors must obtain the best information possible, estimate ) ) ]
unobtainable information, develop the salvage plan, and refloat tH4ost sunken ships being salvaged will come afloat before all the
ship without delay. There are many methods for refloating strandgetioyancy lost in the sinking has been recovered. Water remaining on
ships; none is correct in every circumstance. There is no Simp@ard can cause dangerous free surface and problems with stability,
formula. Salvors are limited only by their knowledge andlist, and local and overall hull strength. Salvage of sunken ships
imagination. This chapter addresses conditions that affect strandé@auires not only the recovery of sufficient buoyancy to bring the
ships and what their effects are. It is representative rather than &lfip afloat, but also the distribution of that buoyancy to obtain
inclusive and should serve as a guide and starting point, not a rug@tisfactory conditions of stability, trim, and strength.
book, for evaluation of a stranding salvage.
6-2 INFLUENCES ON STRANDED, CAPSIZED, OR SUNKEN

In cases other than military emergencies, salvors' first attention muSHIPS.
be given to the prevention and control of pollution. Due regard must ) o )
be given to the responsibilities of government agencies for pollutiofluences on strandings or sinkings can be categorized as the:
control and their requirements. Pollution control and abatement Ship
efforts may delay the commencement of salvage work or limit the Seafloor
methods of salvage available, but are of paramount importance. To Sea
this end, a Federal On-Scene Coordinator (FOSC) may be assigned . . o .
by the Coast Guard as well as personnel from other Federal and local Strandmg conditions/sinking conditions
agencies, in addition to a pre-designated Navy On-Scene Coordinator’ -ocation
(NOSC), to help provide the expertise and guidance to protect the * Weather
environment. This chapter does not address in detail pollution control * Salvors.
during salvage but notes how pollution control may affect stranding
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All influences are not equally important; all are not applicable in6-2.6 The Weather. Weather-related influences on salvage opera-
every case; their relative importance varies. Salvors must understatidns are:

the important influences in each case and how they affect salvage -

planning and salvage operations. All of the influences must be eval- * Prevailing weather

uated to determine their relative value and priority in a particular * Seasonal weather

stranding or sinking. ¢ Local weather effects

¢ Available forecasts.
6-2.1 The Ship. Ship-related influences on salvage operations are:
6-2.7 The Salvors. Salvor-related influences on salvage operations

« Condition, character, and type of ship are:
« Draft before and after the stranding
« Stability characteristics, both afloat and as she lies
 Intact structural strength
« Damage suffered in the stranding or sinking
« Probable damage during the salvage
» Type and location of movable weight on board
* Weight handling and pulling equipment on board 6-3 GROUND REACTION.
» Type, quantity, and containment of pollutants and hazardous
materials on board When a ship strands under her own power or is driven ashore by the
» Value of the ship and/or her cargo, cost of salvage, cost of repafi€@ her momentum carries her up the beach or reef. The ship is no

« Composition, competence, and attitude of the ship's crew. longer supported entirely by buoyancy; she is supported by a
« Remaining military or commercial value combination of buoyancy and the ground. In stranding, the ship loses

an amount of buoyancy that is exactly equal to the amount of weight

supported by the ground; this quantity is the ground reaction. Ground

reaction is represented by the symbol R and is measured in long tons.
Ground reaction is often referred to as "tons aground."

« Access to ships’ plans

Availability and competence of salvors and salvage engineers
Type and availability of salvage equipment and ships
Availability of pollution control personnel and equipment
Availability of time to do work required to refloat the casualty.

6-2.2 The Seafloor. Seafloor-related influences on salvage
operations are:

* Composition and consistency of the seafloor under the ship 16 amount of the ground reaction must be determined because it is
* Slope of't'he seafloor under the ship . of vital importance throughout the salvage operation. The grou