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Basic Naval Architecture 
Section 1.0 

Topical Coverage of Course 

................................................................................ Introduction 1 unit 
(Units 1) 

........................................................... Ship Types and Ship Systems .2.5 units 
(Units 2,3 and 4) 

.............................................................................. Nomenclature .2.5 units 
(Units 4 J and 6) 

........................................................... Dimension, Form and Flotation 4 units 
(Units 7,8,9 and 10) 

....................................................... The Ship and Rest-Static Stability .4  units 
(Units 11,12 13 and 14) 

Ship Hazards and Vulnerability .......................................................... . 4  units 
(Units 15, 16, 17 and 18) 

................................................................... Submarine Hydrostatics 1 unit 
(Units 19) 

Forces Opposed To Propulsion .......................................................... .2.5 units 
(Units 20,21 and 22) 

............................................ Propulsive Forces and Propulsion Systems .2.5 units 
(Units 22,23 and 24) 

........................................ Propulsive Requirements and Power Selection .2 units 
(Units 25 and 26) 

........................................................ Maneuverability and Ship Control 1 unit 
(Units 27) 

The Ship in Motion with The Sea ....................................................... 2 units 
(Units 28 and 29) 

.................................................. The Strength And Structure Of Ships .10 units 
(units 30 thru 39) 

................................................................. The Ship Design Process . 3  units 
(Units 40,4l ,and 42) 

...................................................................... Shipbuilding Methods 
(Units 4 3 4  and 45) 

........................................................................................ Total .45 units 





Basic Naval Architecture 
Section 2.0 

Notes To Instructors 

This course consists of 45 videotapes covering basic topics in naval 
architecture, as well as an Instructor Guide and Problem Set containing notes to 
instructors, suggested lesson plans, problems and solutions. The level of material 
presented also makes it suitable for: graduate engineers transferring into the field 
of naval architecture; a college level study course for students not majoring in the 
field (i.e. Ocean Engineering majors) or a naval or merchant marine officer 
candidate program. 

The mathematical background required of the students is two years of high 
school algebra (including an introduction to trigonometry) and one year of high 
school geometry. Problems in the course, including topics in numerical 
integration, are introduced assuming this background. Diagnostic examples are 
included in the first unit to enable the student to evaluate whether or not his 
mathematical skills are adequate to cope with the mathematics in the course. 

2.2 WAYS IN WHICH _THIS C O U R S E &  USFS, 

The course is designed so that it may be used in a variety of ways. 

(1) In an organized classroom presentation the videotape may be played 
at the beginning of a class period followed by a classroom 
instructor presentation in which key points are emphasized, 
supplementary material is presented, and questions on problems are 
addressed. The videotapes are not uniform in length; most run 
between thirty and thirty-five minutes. A class period of one hour 
to one hour and fifteen minutes will allow the-.instructor about a 
half-hour to present his material. /I c l m  period of an hour and 

ods would be 
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(2) The instructor also may elect to tailor the course to the specific 
career areas of his students. For example, for an audience which in 
the future will be heavily involved in the design or erection of ship 
structures and will have very little contact with propulsion 
machinery, the section of the course on ship structures could be 
heavily emphasized, (perhaps with the addition of supplementary 
material) while the section on propulsion could be drastically 
curtailed and perhaps limited to reading assignments with no 
problems or videotapes. However, if the full course coverage is 
elected together with 30 or more assigned problems, the student 
can look forward to an intensive learning experience. 

(3) Finally, the tapes and the text may be used in a self-instxuct mode. 
To complete the course through self instruction requires a mature 
student with determination. For this application, the videotapes 
would be issued by the sponsoring institution's library or training 
office to the student to be used at his own pace. An experienced 
engineer or naval architect should be assigned as the student's 
monitor to issue and correct problems, and give tests if 
appropriate. 

2.3 TEXT AND RECOMMENDED R'XEWNCES, 

The text selected for this course is: 

Modern Ship Design, Second Edition, 1977, Thomas C. Gillmer, 
United States Naval Institute, Annapolis, MD 21402 (1987 list price 
- $21.95, USNI members get 20% discount) 

The text was written primarily for midshipmen and naval officer candidates 
with some college math but without an engineering background. It has been 
selected because the reading level of the book is appropriate to the anticipated 
level of students in this course. In addition, the book emphasizes the total process 
of ship design. Giving the student a perspective on the ship design process is a 
collateral objective of the course. Certain sections of the book are now 
obsolescent or obsolete (e.g., the discussion of Navy Department ship 
procurement procedures), but this has only a very small impact on the value of 
the book for our purposes. 

The text includes a sheet of "Displacement and other Curves: for the DD692 
class destroyer." Problems are included in the problem set which use these 
curves. 
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A similar book using many of the same text passages and illustrations but 
aimed at sophomore-level engineering students is recommended as a reference: 

Introduction to Naval Architecture, 1982, Thomas C. Gillmer and 
Bruce Johnson, Naval Institute Press, Annapolis, MD 21402 ($23.95 
list price, USNI members get 20% discount). 

There are two books published by the Society of Naval Architects and Marine 
Engineers which are extremely valuable as references for the instructor, but 
which are expensive and technically above the level of most of the students who 
will take this course. Many of the figures used in the videotapes have been taken 
from one of these two sources. 

Principles of Naval Architecture, 1967, John P. Cornstock, Editor, 
Society of Naval Architects and Marine Engineers, 601 Pavonia 
Avenue, Jersey City, NJ 07306 (list price $60.00, SNAME members 
$40.00) 
Ship Design and Construction, 1980, Robert Taggart, Editor, Society 
of Naval Architects and Marine Engineers, 601 Pavonia Avenue, 
Jersey City, NJ 07306 (list price $75.00, SNAME members $55.00) 

The new edition of Principles of Naval Architecture, Volumes I, 11, 111, 
1988-89, Editor Edward V. Lewis, is also available from the Society of Naval 
Architects and Marine Engineers. Other references which would be useful to the 
instructor are listed in the lesson plans. 

2.4 T I M E T S  FOR THE COURSE. 

Naval architectural calculations tend to be time consuming, and, as will be 
emphasized below, the write-up of the calculations in an acceptable engineering 
format is an important part of the learning experience. Many problems included 
in this course will require approximately two to three hours to solve and write 
up. A few are shorter and some are longer. Suggested problem assignments are 
listed in the lesson; however, the instluctor should be selective in choosing the 
problems he assigns so that the maximum learning value will be achieved in a 
realistic study time. 

The amount of emphasis to be placed on problems is strictly a matter of 
judgement on the part of the instructor. Some audiences may never have 
occasion to do engineering calculations in the course of their careers. For this 
type of audience the simpler and less time consuming problems will provide 
adequate reinforcement to the course material. For other audiences whose 
destiny is to provide a more technical level of engineering, calculations will be 
invaluable, 
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Pre-reading of the assigned material in the text is important and should be 
stressed by the instructor. Often the videotapes will go into greater depth or 
present more material than is presented in the text. Re-reading of the assigned 
pages in the text will definitely improve assimilation of the material presented on 
the tapes. The instructor should be prepared to point his students toward 
important points to study in the text in order to prepare for the following 
period's tape and instructor presentations. This requires that the instructor stay 
well ahead of the class in previewing the tapes, text, and problems to be assigned. 

For the full course coverage described above with videotapes and instructor 
lectures, probably a minimum time investment by the student of 120 hours, 
(including class, study time and problem time) would be required to achieve the 
minimum course objectives. In most settings, very few students would be able to 
commit more than 180 hours to the course. Course coverage and problem 
assignments should be selected by keeping realistic time limitations. 

2.5 M A T ~ B I W  REOUIRED FOR THE COURSE. 

The Instructor Guide and Problem Set and a set of 45 VHS videotapes will be 
supplied by The University of Michigan Transportation Research Institute. The 
Instructor Guide and Problem Set includes four sheets of Curves of Form* 
approximately 18" x 36" in size (for three example ships used in the problems), 
course information, and notes to the instructor. A set of seventy. problems with 
worked solutions is included together with a note entitled "Engineering 
Calculations" intended to be used as a handout to students. 

REPRODUCTION OF ALL MATERIALS TO BE DISTRIBUTED 
TO STUDENTS IS THE RESPONSIBILITY OF  THE 
SPONSORING INSTITUTION. 

The student should provide a "scientific-type" calculator which, today, is 
widely available at nominal cost. The calculator must have capabilities for 
trigonometric functions, logarithms (base 10) and powers (yx), all of which are 
used in the problems. Other features (such as statistical analysis) are commonly 
found on scientific calculators, but are not necessary for the course. 

These curves are provided in the mailing tube that accompanies the Instructor Guide. The 
drawings are on mylar and should be reproduced for the student in full scale. The curves 
include: 

1) Curves of Form, FFG-7 Class Frigate 
2) Bonjean Curves and Cross Curves of Intact Stability, FFG-7 
3) Curves of Form, U.S.C.G. Bear Class Cutter 
4) Curves of Fonn, MARAD PD-214 Mobilization Container Ship 
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It is strongly urged that all problems be submitted on cross-section paper 
following good procedure for engineering calculations. The instructor may wish 
to request a specific type of cross-section for uniformity, or he may even wish to 
distribute pre-printed calculation sheets used by the sponsoring institution. 
However, a simple 5x5 quadrille paper (available wherever school supplies are 
sold) will serve the purposes of the course. Use of tabular formats in calculations 
is stressed repeatedly in the tapes, and the use of cross-section paper will simplify 
the preparation of these tables and sketches. 

Although not strictly required for the course, the student may find it 
convenient to purchase several French curves. A #60 and a #I09 should be all 
that are needed to plot the curves required in several of the problems. 

Problems worked by the students serve several important purposes: 

(1) problems reinforce the concepts presented in the course, 

(2) problem solutions develop specific skills in the naval architectural 
topics presented in the course, and 

(3) working problems and writing up the solution in standard 
engineering format develops the discipline required to perform any 
type of engineering calculation. 

Concept reinforcement may be achieved by use of the simpler and less time- 
consuming problems, but specific skill development and engineering calculation 
discipline require more practice and a greater time investment. The instructor 
should select problems with the specific needs of the student in mind. 

The student should be encouraged to keep a notebook of corrected problems. 
The instructor may wish to require that the problem statement be submitted with 
the solution to ensure that the student's notebook includes the problem statement 
as well as the solution. The instructor may even wish to return a copy of the 
correct solution appended to the student's submission. However, if the course is 
to be offend on a regular basis, the instructor may be assured that these solutions 
will find their way into the hands of future students. 

It takes time to cultivate accuracy. The instructor should not be surprised if 
very few of his beginning students get exactly the right answer to the problem as 
they start in the learning process. With time, the student learns to avoid some of 
the computational pitfalls and his accuracy improves. 
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The use of tabular formats in performing standard calculations is very useful 
in avoiding errors before they happen, and this should be emphasized in 
classroom presentations. Errors in the conversion of physical units are also 
common -- even in the case of experienced engineers. Difficulties in this area can 
be reduced by requiring the students to carry the units in each quantity involved 
in the calculation and to cancel units to ensure consistency of units in the result. 

The instructor may also wish to provide the students with check values for 
various stages of the solution. It is very frustrating to a student to spend several 
hours in developing a solution only to find that he made a mistake in the first 
step. As students develop computational maturity, this type of assistance can be 
gradually discontinued. 

Problems are listed in the Course Outline for the first unit to which they are 
relevant. It is not intended that all problems listed be assigned concurrently with 
the unit. Rather, the instructor should prepare problem assignments which 
maintain a uniform outside working load for the student. Note that there are 
periods in the course (e.g. Units 20, 21 and 22) which can be used to assign 
previously unassigned problems. 

Notes entitled "ENGINEERING CALCULATIONS" are presented at the 
beginning of Section 5.0 . The instructor may wish to distribute these, or a 
similar document of his own selection, at the beginning of the course. 

2.7 USE OF COMPUTERS. 

Oftentimes, students will have their own personal computers and may ask if 
computers can be used in the solution of problems. 

There are many standard computer programs which can be applied to all the 
topical areas covered in this course. Today's engineer or engineering technician 
must become a skilled user of the computer tools available to him, but this does 
not imply that he must become a skilled computer programmer. 

This course is not a course in computer programming. Rather, it is intended 
to develop the computational skills which still form a large part of engineering 
practice and which provide the background logic upon which computer programs 
are written. THE USE OF COMPUTERS AND THE PREPARATION OF 
COMPUTER PROGRAMS TO SOLVE THE PROBLEMS IN THIS COURSE IS 
NOT RECOMMENDED. If the development of computer programming will be 
important in the future to students of the course, then these skills should be taught 
separately. 
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As a practical matter the instructor will find that if he accepts computer 
print-outs for problem solutions it will require untenable amounts of time to 
correct the problems and trace the student's logic through the maze of variable 
names and subroutines contained in a program listing. 

The production of the videotapes and course materials has been done by 
Giannotti & Associates, Inc. and its successor firm, Giannotti & Associates of 
Texas, Inc., of Annapolis, Maryland and Ventura, California. Video production 
was done in the studios of Gardy McGrath International, Inc. of Newington, 
Virginia. Direct sponsorship of the project has been through: 

The University of Michigan 
Transportation Research Institute 
Marine Systems Division 
2901 Baxter Rd. 
Ann Arbor, Michigan 48 109-21 50 

Distribution of the videotapes and the instructor Guide will be done by the 
AVMAST (Audio-Visual-Material-Available-for-Shipyd-Training) Library 
managed by UMTRI. Inquiries regarding the course or the course materials 
should be addressed to UMTRI. 

A complete set of graphics used in the videotapes are included in the unit 
lesson plans. The instructor may use these for transparencies to reinforce the 
videotape presentation. 
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Unit 1 Homework 
Basic Naval Architecture - Introduction Problems - None 

Readings 
Scope and coverage of course. Text, references, Gillmer pages - None 
materials required. Background required. 
Math diagnostic examples. 

Videotape Information 
Time= 45 minutes 
AvMASm EM3 

Unit 2 Homework 
Basic Naval Architecture - Ship Types and Ship - 
Systems - 1 

Readings 
The ship as an element in a transportation Gillmer pages 3- 10 
system. Photos of ship types. General cargo, 
container, R O N ,  passengerlcar ferries, Seabee 
and Lash, tankers, various types of bulk 
carriers, QE2, cruise ships. Videotape Information 

Time= 34 minutes 
AVMASN ED24 

Unit 3 Homework 
Basic Naval Architecture - Ship Types and Ship Problems - articles 
Systems - 2 

Readings 
Photos of ship types continued. Tugs, offshore Gillmer pages 1 1- 12 
supply boats, integrated tug-barge, river 
towboats. SWATH, catamaran, SES, ACV, 
planing boats, hydrofoil craft, offshore drilling Video tape tion and production rigs. Naval ships, submarines, 
battleship,aircraft carrier. Time= 34 minutes 

AVMASIW ED25 

Unit 4 Homework 

Basic Naval Architecture - Ship Types and Ship Problems - Nomencla- 
Systems - 3 Nomenclature - 1 ture 

Readings 
Merchant ship types by trade. Naval ships as Gillrner pages 13-15 
elements in a warfare system. Ship types 
classified by type of support. Nomenclature - 
units. Directions on board ship. Ship 
dimensions. Weight, displacement, tonnage, Videotape Information 
load lines. Time= 37 minutes 

AVMASrW ED26 
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Unit 5 Homework 
Basic Naval Architecture - Nomenclature - 2 Problems - None 

Readings 
Parts of a ship. Decks and bulkheads. Doors, Gillmer pages - None 
hatches, scuttles, manholes. Spaces on board 
ship. Anchoring and mooring. 

Videotape Information 
Time= 39 minutes 
AVMASIW ED27 

Unit 6 Homework 
Basic Naval'Architecture - Nomenclature - 3 Problems - None 

=gs 
Boat handling equipment. Cargo handling Gillmer pages - None 
equipment. Dunnage, sparring and ceiling. 
Structural nomenclature. Strakes, stringers, 
floors, double and single bottoms, keels, stem Infor ma tion castings, stem castings. Time= 37 minutes 

AVMASIW ED28 

Unit 7 Homework 
Basic Naval Architecture - Dimension, Form and - None 
Flotation - 1 

Readings 
Ship geometry. Dimensions. Freeboard and Gillmer pages 21-27 
draft. Displacement and tonnage. Lines 
drawing. Form coefficients. 

Videotape Information 
Time= 28 minutes 
AVMASrX ED29 

Unit 8 Homework 
Basic Naval Architecture - Dimension, Form and PrOblems - 1, 29 39 4, 5 
Flotation - 2 8 

Readings 
Form coefficients example. Centers - CG, CB, Gillmer pages 27-37 
metacenter, GM. Moments. Example of LCG 
calculation. 

Videotape Information 
Time= 34 minutes 
AvMAsIw ED30 
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Unit 9 Homework 
Basic Naval Architecture - Dimension, Form ~ n d  - 791091 

Flotation - 3 12 ' 
Readings 

Archimedes Principle. Curves of form and Gillmer pages 37-41 
hydrostatic parameters. Bonjean's curves. 

Videotape Information 
Time= 28 minutes 
AVMMW ED31 

.Unit 10 Homework 
Basic Naval Architecture - Dimension, Form und - 139 149 l5 
Flotation - 4 

Readings 
Differentiation and integration. Trapezoidal Gillrner pages 322-328 
rule. Simpson's rule. Sectional area curve. 
Displacement calculation example. 

Videotape Information 
Time= 43 minutes 
AVMMW ED32 

Unit 11 Homework 

Basic Naval Architecture - The Ship at Rest - Static - 8999 
Stability - 1 18,23 

Readings 
Stable, neutral, unstable equilibrium. Position Gillmer pages 5 1-58 
of the metacenter and equilibrium. GM, GZ, 
righting moment. Static stability curve. Weight 
shifts. BM. Moment of inertia. Rectangular Videotape Informa tion barge example. 

Time= 32 minutes 
AVMASm ED33 

Unit 12 Homework 
Basic Nova1 Architecture - The Ship at Rest - Static Problems - 299 309 31, 
Stability - 2 34 

Readings 
Transverse weight shift example. Inclining Gillmer pages 58-68 
experiment, example, Cross curves of stability. 
Corrections for actual KG. Corrections to static 
stability curve. Videotape Information 

Time= 34 minutes 
A m  ED34 
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f 

Unit 13 Homework 
Basic Naval Architecture - The Ship at Rest - Static - 27, 28, 32, 
Stability - 3 35, 36, 37, 

Readings 3 8 
Negative GM. Longitudinal weight shift Gillmer pages 68-70 
example, change of trim. Small weight 
additions, 

Videotape Information 
Time= 27 minutes 
AVMASrW ED35 

Unit 14 Homework 
Basic Naval Architecture - The Ship at Rest - Static - 19, 20, 33, 
Stability - 4 39, 40, 41 

Readings 
Multiple weight additions. Tabular format, Gillrner pages 329-33 1 
example. New drafts. Angle of list. Weight 
removals. 

Videotape Information 
Time= 27 minutes 
AVMASrn ED36 

Unit 15 Homework 
Basic Naval Architecture - Ship Hazards and Problems - 26,42, 43 
Vulnerability - 1 

Readings 
Floodable length defmitions. Floodable length Gillmer pages 71-76 
curve. Free surface. Virtual rise of G. 
Pocketing. 

Videotape Information 
Time= 30 minutes 
AVMASIW ED37 

Unit 16 Homework 

Basic Naval Architecture - Ship Hazards and Problems - 44,45 
Vulnerability - 2 

Readings 
Free communication effect. Added weight Gillmer pages 79-85,91-93, 
versus lost buoyancy. Shock. USN intact 253-255, 
stability criteria. CFR 46 stability criteria, 333-339 

Videotape Information 
Time= 36 minutes 
AVMASrW ED38 
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Unit 17 Homework 
Basic Naval Architecture - Ship Hazards and Problems - 47,48,49, 
Vulnerability - 3 50 

Readings 
Subdivision of naval ships. Protection of vital Gillrner pages 85-90 
spaces. Assumed damage conditions. CFR 46 
requirements. Grounding and stranding. 

Videotape Information 
Time= 36 minutes 
A v M m  ED39 

Unit 18 Homework 
Basic Naval Architecture - Ship Hazard and Problems - 46, 48,49, 
Vulnerability - 4 50 

Readings 
Dry docking. Stability during docking. Gillmer pages 90-91 
Example. Freeboard and load lines, merchant 
ships and naval ships. 

Videotape Information 
 he= 28 minutes 
AVMASm ED40 

Unit 19 Homework 
Basic Naval Architecture - Submarine Hydrostatics - 21, 22 
and Stability 

Readings 
Submarine types and features. Ballast tanks. Gillrner pages 41-49, 76-79 
Submerging and surfacing. Submarine stability. 

Videotape Information 
Time= 30 minutes 
AVMASIW ED41 

Unit 20 Homework 

Basic Naval Architecture - Forces Opposed to Problems - Previously 
Propulsion - 1 Unassigned 

Readings 
Background. Wave making resistance. Gillmer pages 95- 102, 
Frictional resistance. Froude's Law of 106-1 10 
Comparison. Residuary resistance. Model 
testing. Ship wave systems. Resistance 
coefficients. Videotape Information 

Time= 36 minutes 
AVMASm ED42 
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Unit 21 Homework 
Basic Naval Architecture - Forces Opposed to Problems - Previously 
Propulsion - 2 Unassigned 

Readings 
Correlation allowance. Friction formulations. Gillmer pages 102- 1 14 
Cf, Cw, Ct curves. Form drag. Bulbous bows. 

Videotape Information 
Time= 35 minutes 
AvMAsT# EM3 

Unit 22 Homework 

Basic Naval Architecture - Forces Opposed to Problems - Previously 
Propulsion - 3 Propulsive Forces and Propulsion Unassigned 
Systems - 1 Readings 

Resistance of submarines. Appendage resistance. Gillmer pages 102-106, 
Resistance in shallow water. Added resistance in 110-1 14, 
a seaway. Hull roughness. Types of propulsors. 115-118 
Powering definitions and efficiencies. The screw Videotape Information 
propeller. Time= 36 minutes 

A W #  ED44 

Unit 23 Homework 

Basic Naval Architecture - Propulsive Forces and - 5 
Propulsion Systems - 2 

Readings 
Momentum theory. Propeller geometry, wake, Gillmei pages 1 15- 124 
slip. Propeller curves. Propeller design. 

Videotape Information 
Time- 36 minutes 
AVMAST# ED45 

Unit 24 Homework 

Basic Naval Architecture - Propulsive Forces and - 52 
Propulsion Systems - 3 

Readings 
Number of blades. Hull-propeller interactions. Gillmer pages 125- 130 
The efficiency chain. Cavitation, 
super-cavitating propellers, Water jets, 
controllable pitch propellers, Kort nozzles. Videotape Information 
Vertical axis propellers. Time= 37 minutes 

A M #  ED46 



NSRP Basic Naval Architecture - Course Outline 

Unit 25 Homework 
Basic Naval Architecture - Pro?ulsive Problems - 53,54 
Requirements and Power Selection - 1 

Readings 
Hull types and speed regimes. Scaling laws. Gillrner pages 133- 14 1 
Example. Model test expansion - example. 

Videotape Information 
Time= 30 minutes 
AVMASm ED47 

Unit 26 Homework 
Basic Naval Architecture - Prcpulsive Problems - 55,56, 57 
Requirements and Power Selection - 2 

Readings 
Power prediction example. Standard series. Gillmer pages 14 1 - 149 
Service power margin. Engine selection. 
Diesel engines. Combined plants. Gas turbines. 
Steam propulsion. Nuclear power. 
Comparisons. Videotape Information 

Time= 37 minutes 
AVMASm ED48 

Unit 27 Homework 
Basic Naval Architecture - Maneuverability and Roblerns - Reviously 
Ship Control Unassigned 

Readings 
The rudder; force, iiit-drag, torque, aspect Gillmer pages 15 1 - 169 
ratio. Rudder types. Motion of a ship in a turn. 
Thrusters. Z-drive s ys terns. Active rudders. 
Comparisons. Videotape Information 

Time= 37 minutes 
A W A S M  ED49 

Unit 28 Homework 
Basic Naval Architecture - The Ship in Motion with Problems - Reviously 
the Sea - 1 Unassigned 

Readings 
Definitions. Sinusoidal waves. Trochoidal Gillmer pages 235-243 
waves. Regular and irregular waves. 
Long-crested and short-crested waves. Seaway 
descriptions. Sea spectra. Ship motion 
computer programs. Videotape Information 

Time= 38 minutes 
A W A S M  ED50 
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Unit 29 Homework 
Basic Naval Architecture - The Ship in Motion with - PNA 
the Sea - 2 

Readings 
Designing for ship motions. Rolling. Pitching. Gillmer pages 243-253 
Yawing. Translational motions. SWATH ships. 

Videotape Information 
Time= 36 minutes 
AVMASIW EM1 

Unit 30 Homework 
Basic Naval Architecture - The Strength and Problems - 56,57 
Structure of Ships - 1 

Readings 
Basic concepts, stress, strain. Stress-strain Gillmer pages 205-207 
diagram. Hooke's Law. Neutralaxis. The 
flexure formula. Secion Modulus. Beams in 
bending. Videotape Informa tion 

Time= 36 minutes 
AvMAsm EM2 

Unit 31 Homewcrk 
Basic Naval Architecture - The Strength and Problems - 58,59 
Structure of Ships - 2 

Readings 
Bending moment. Simple supports. Fixed-end Gillmer pages 208-209 
supports. Bending moment and shear force 
diagrams. S tee1 handbook. 

Videotape Information 
Time= 29 minutes 
AvMAsm EM3 

Unit 32 Homework 
Basic Naval Architecture - The Strength and Problems - 60,61 
Structure of Ships - 3 

Readings 
Section modulus example. Stress analysis Gillmer pages - None 
example. 

Videotape Information 
Time= 33 minutes 
AVMASIW ED54 
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Unit 33 Homework 
Basic Naval Architecture - The Strength and Problems - 62, 63, 64 
Structure of Ships - 4 

Readings 
Loads on the ship's structure. Barge bending Gillmer pages 210-212 
moment and shear force example. Stresses in 
deck and bottom. 

Videotape Information 
Time= 35 minutes 
AVMASIW EM5 

Unit 34 Homework 
Basic Naval Architecture - The Strength and Problems - 65 
Structure of Ships - 5 

Readings 
Ship bending moment, shear force and stress Gillmer pages 212-216 
diagrams in still water and in trochoidal waves. 
ABS requirements. Bending moment estimates. 
Strength and stiffness. Videotape Information 

Time= 34 minutes 
AVMASlW ED56 

Unit 35 Homework 
Basic Naval Architecture - The Strength and Problems - 66,67 
Structure of Ships - 6 

Readings 
Properties of shipbuilding materials. Gillmer pages 216-219 
Shipbuilding steels, ductility, toughness, 
Aluminum, GRP. S tee1 shapes, designation. 
Steel plaz. Stiffened plating. Videotape Information 

Time= 35 minutes 
AVMASnt ED57 

Unit 36 Homework 
Basic Naval Architecture - The Strength and Problems - 68 
Structure of Ships - 7 

Readings 
Failure modes for steel structures. Plasticity. Gillmer pages 219-220 
Buckling. Fracture, fatigue. Stress 
concentrations. Structural continuity. Crack 
arrestors. Causes for cracking. Videotape Information 

Time= 34 minutes 
AVMASnt ED58 
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Unit 37 Homework 
Basic Naval Architecture - The Strength and Problems - 69 
Structure of Ships - 8 

Readings 
Framing systems. S t r u c ~ a l  terminology. Gillmer pages 221-227 
Double bottom, single bottom construction. 
Bow and stern construction. 

Videotape Information 
Time= 31 minutes 
AVMASIW EM9 

Unit 38 Homework 
Basic Naval Architecture - The Strength and Problems - 70 
Structure of Ships - 9 

Readings 
Bulkheads. ABS requirements. Hatch comers, Gillmer pages 228-232 
intersections, connections, brackets. 
Deckhouses. Foundations. 

Videotape Information 
Time= 35 minutes 
AVMASrW ED60 

Unit 39 Homework 
Basic Naval Architecture - The Strength and Problems - Developed by 
Structure of Ships - 10 Instructor 

Readings 
The midship section drawing. Section modulus Gillmer pages 232-233 
calculation. Typical midship sections. Mariner, 
FFG-7, "Bear" class cutter, tanker, bulk carrier, 
RO/RO ship, SL-7 container ship. The weight ideotape Information estimate. 

Time= 37 minutes 
AVMASrn ED61 

7 

Unit 40 Homework 

Basic Naval Architecture - The Ship Design Process - 
- 1 Unassigned 

Readings 
Merchant vessel design. Mission requirements. Gillmer pages 257-262 
The design spiral. Parametric design studies. 
Feasibility studies. Concept, preliminary, 
contract design phases. Deliverables. Detail Videotape design. 

Time= 29 minutes 
AVMASlW ED62 
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Unit 41 Homework 
Basic Naval Architecture - The Ship Design Process - Reviously 
- 2 Unassigned 

Readings 
Concept design example. Gillrner pages 289-309 

Videotape Information 
Time= 31 minutes 
AVMASIW ED63 

Unit 42 Homework 
Basic Naval Architecture - The Ship Design Process - None 

- 3 
Readings 

Steps in preliminary design. Contract design. Gillmer pages 263-269 
Design margins. Naval ship design and 
procurement. 

Videotape Information 
Time= 29 minutes 
AVMASIW ED64 

Unit 43 Homework 
Basic Naval Architecture - Shipbuilding Methods - - None 
1 

Readings 
Use of the computer in design and Gillmer pages 27 1-287 
manufacturing. CAD/CAM drafting, lofting, 
shell plate development, nesting. Scheduling 
and critical path analysis, production control. Videotape Information 
Work measurement and analysis, ordering and Time= 31 minutes inventory control, weight management. AVMAST~ ED~S 

Unit 44 Homework 
Basic Naval Architecture - Shipbuilding Methods - - None 
2 

Readings 
Steel cutting methods, cold forming and hot Gillmer pages 1 85-203 
forming processes. Older shipbuilding methods. 
Modem shipbuilding methods. Design for ship 
production. Modules and subassemblies. Zone Videotape Information 
outfitting. Design of details for ease of Time= 44 minutes construction. AvMAsIw ED66 - 
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i 

Unit 45 Homework 
Basic Naval Architecture - Shipbuilding Methods - - None 
3 

Readings 
Launching methods. End launching, key events. Gillmer pages - None 
Side launching. Launch from floating drydock, 
graving dock, and moveable platform 
(S ynchro-Lift type). Course closure. Videotape Information 

Time= 39 minutes 
AVMASIW ED67 





BASIC NAVAL ARCHITECTURE 

APPENDIX 

TO 

PROBLEM SET 

CONTENTS : 

. Tables of Dens i ty  and Kinemat ic V i s c o s i t y  o f  Fresh Water 

. S t a b i l i t y  Data Sheet and General S t a b i l i t y  Diagram f o r  
CVE 105 

. Selec ted Tables Repr in ted from 
Manual o f  S tee l  Cons t ruc t i on  
- Proper t i es  and Dimensions o f  Selected S tee l  Shapes 

- Proper t i es  o f  Geometric Sect ions 

- Decimals o f  an I n c h  and Foot Conversion Table 
- Selected Beam Diagrams and Formulas 

. Excerpts from American Bureau o f  Sh ipp ing Rules f c ?  8 u i . l d i n g  
and Class ing S tee l  Vessels, 1987 



Table of Kinematic Viscosity of Water 
Thaw value8 warn adopted by tb & 0 r i ~  Towkrg Tank W a n n c e  la  1942. 

Tho f i f t h  rlgnlficurt figurer u e  doubtful. 



Table of Density of Water 
Tbm Wurr mere .boptad the American Tor- Trnlr Confmrmcr In 1942. 

The f i f th  r i p l f i w t  fi#u?er m doubtful. 

I- 

Density of 
Fresh Water 

P 
~b x secg/rt4 

1 .9399 
1 .9399 
1,9400 
1.9400 

t. 9401 
1.9401 
1,9401 
1.9401 
1.9401 

1.9401 
1.9401 
1 .gcol 
1 .Po0 
1.9400 

1 09399 
1 $9398 
1 -9398 
1 9397 
1 -9396 

1 .9395 
1 .9394 
1 99393 
7 09392 
1 -9390 

1.9389 
1 -9387 
1.9386 
1 99384 
1.9383 

Temperature 
degree F , 

32 

s I. 
P 

35 

3 6 
37 
38 
39 
40 

41 
42 
43 
44 
45 

4 6 
47 
48 
49 
50 

51 
52 
53 
9 
55 

56 
57 
58 
59 
60 

Density of 
Fresh Water 

P 
lb x 8ec2/rt4 

1 ,9381 
1 .9379 
1 . 9377 
1 09375 
1 .9373 

1 .9371 
1 ,9369 
1 .9367 
1.9365 
1,9362 

1.9360 
1.9358 
1.9355 
1 09352 
1 -9350 

1 .9347 
1.9344 
1.9342 
1 .9339 
1.9336 

1 -9333 
1.9330 
1 9327 
1.9324 
1.9321 

1 .9317 

Density of 
Sea Water 

~b x ?ece/tt4 

1 9947 
1,9946 
7 $946 
1.9945 
1 ,9944 
1 .9943 
1.9942 
1.9941 
1.9940 

1,9939 
1 9937 
1 .9936 
1,9934 
1 .9933 

1.9931 
1 .9930 
1.9928 
1.9926 
1.9924 

1 9923 
1.9921 
1 m9919 
1 egg17 
1.9914 

1.9912 
1.9910 
7,9908 
1 99905 
1 .9903 

Temperature 
degree P 

61 
62 

63 
64 
65 
66 
67 
68 
69 
70 

71 
t? 
73 
74 
75 

76 
77 
78, 
79 
80 

8 r 
&L 

83 
64 
85 

86 

Density of 
Sea Water 

PI 
lb x 8ecg/rt4 

1.9901 
1.9898 
1 ,9895 
1 99893 
1.9890 

1.9888 
i ,9885 
1.9882 
1.9879 
1.9876 

1.9873 
1.9870 
1 ,9867 
-1 ,9864 
1.9861 

1.9858 
1.9854 
1.9851 
1.9848 
1.9844 

1 .g841 
1.9837 
1.9834 
1.9830 
1.9827 

1.9823 

I 
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BASIC NAVAL ARCHITECTURE 

Selected Tables Reprinted from 

Manual o f  Stee l  Construct ion,  E ighth  Ed i t ions  

Manual o f  Stee l  Construct ion 

may be ordered d i r e c t l y  from t h e  publ isher ,  

American I n s t i t u t e  o f  Stee l  Construction, Inc .  
400 North MIchigan Avenue 
Chicago, I l l i n o i s  60611 
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BEAM DIAGRAMS AND FORMULAS 
For various static loading conditions 

For meanlng of symbols. see page 2 I I 1  

1. SIMPLE BEAM-UNIFORMLY DISTRIBUTED LOAD 

. . .  ToW Equlv. Unlform L o d  - r( 
R - V  

rl . . . . . . . . .  -3- 

va . . . . . . . . . .  - "(+) 
Mm".(at-tar) . . . .  '7-  .rlr 

Ma 
r a  . . . . . . . . . .  - p (I-.) 

amma. (atemntw ) . . . .  8 WI* -3imm- 
I X  .. . . . . . . . . . .  - (I' 2lr. + a*) 

2. SIMPLE BEAM-LOAD INCREASING UNIFORMLY TO ONE END 

T ~ W  E~UIV. U n l t o r r n t o d  . . . -E-~.o~Mw 
045 

R.-v, 
W . . . . . . . . .  - T  

. . . . . . .  m R. - V. ma.. - - 
3 

W WX* 
va . . * . . . . . . .  ---- 3 I* 

~ ~ ; ~ . ( ~ t ~ - J - - . s n 4 1 ) .  . -E-.I~SWI 
J f  o 45 

Ma . . . . . . . . . .  - !f!! (18-a*) 31. 

Amax. (ata-i~T$-.~l-)- . o l m f i  €1 

a. . . . . . . . . . . .  - -W_I'I_ (3a*-lwa* +7P) 1mEI I. 

3. SIMPLE BEAM-LOAD INCREASING UNIFORMLY TO CENTER 

4 w  
Total Equlv.Unlformlod . . .  - - 3 

R - V  W . . . . . . . . .  -3- 
W . . .  Va ( w h o n a < f ) .  ---(I.-4a.) 21. 

W I M man. ( at  u n t o r  ) . . . .  - - 
0 

MB (who* a <f  . . . .  1 - w a ( t  -%) 
WI. 

bmaa. ( m t  eontor ) . . . .  - - WE I 

Wa 
Am (Wh." X < f ) . . . .  - -F (St* -dm*)* 

a 
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BEAM DIAGRAMS AND FORMULAS 
For various static loading conditions 

For meanlq ol symbols. see page 2-1 11 

. SIMPLE BEAM-UNIFORM LOAD PARTIALLY DISTRIBUTED 

( r b  RI - V. ma.. when l < e) . . - (& + b) 

r b  R. - V. (mas. when a > c) . . - (2m + b) 

(whona>mand<(m+b)).  - I* - - (a-a)  

Ma (whm a > a and < (a + b)) . - Ram -= (a - a). 2 

. . . .  Ma (whana >(m+b)). CI.(l-a) 

SIMPLE BEAM-UNIFORM LOAD PARTIALLY DISTRIBUTED AT ONE END 

. . . . .  M ma.. at.. *) -Al. 
I 2m 

M a  (w.ma<m ) . . . . .  - ~ili 2 

Ma (whana>a  ) . . . . . - R .  (I-.) 

a. (whona < . . . . .  1 . - 2 : ~ f i ( m a ( ~ m ) . - ~ a . ( ~ a ) + h *  

a. (when a > l --..- ma.(1- a) (4.1 -2.8 -.a) 
24EI I 

. SIMPLE BEAM-UNIFORM LOAD PARTIALLY DISTRIBUTED AT EACH EN0 

rac(21- c) + r.D* . . . . . . . . .  R . - v * .  - 21 

w h o n a c m  . . . .  . - R* -r.a 

11 R. v, (when a > a and < (m + b)) . - R8 - r a m  

Va (when a > (a + b)) . - . - - R.- rm(l '--m) ' 

M mma.(at a - 3 whon Rs < r L m )  . - 
u s  2-s 

R (I. 
M mma.(mt a - I - ,-- whon Ra < Wac) - & 
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d E A h  u i A G h n ~ J  A n u  FO~NIULAS 

i For various static loading conditions 

I For meanlng ol symbols, we page 2- 11 1 I 
I 18. CANTILEVER BEAM-LOAD INCREASING UNIFORMLY 

TO FIXED END I 
8 . . . .  TOW Equlv. UnHorm lod - W 

R - V  . . . . . . . . . .  - W  
R 

v x  . . . . . . . . . . .  - W E  I. 

7 
W I . . . . .  Mmax.(at(lxdend -- 3 

v 
WX* 

M . .  . . . . . . . . . .  --- a!. 

I 19. CANTILEVER BUM-UNIFORMLY DISTRIBUTED LOAD I . . . .  TOW Lquiv. Unlform L o d  - 4uI 

R - V  . . . . . . . . . .  - w l  
I 

. . . . . . . . . . .  v x  - wx 

. . . . . .  wl. 
amax. ( a t f m e n d  - IEI 

I- 
u . . . . . . . . . . .  A. --(~.-rl..+al*) N E I  

I 20. BEAM FIXED AT ONE END. FREE TO DEFLECT VERTICALLY BUT NOT 
ROTATE AT OTHER-UNIFORMLY DISTRIBUTED LOAD I 

wl. 
M. . - - .  V (at&nntd.nd) -- 6 

. , . . . . . . . . . . . -  : (1. --.... 
. . . . .  -14 

amax. (at- end) - 24EI 

- r ( I*  - a*). . . . . . . . . . .  . 24EI 

1 

BEAM DIAGRAMS AND FORMULAS 
For various static loading conditions 

formeamqolsymboh.uc~2. lII .  

21. CANTILEVER BEAM---CONCENTRATED LOAD AT ANY POINT 

8Pb . . . . .  ToWEqulv. U n l f o r m l o d  - 
I 

R - V  . . . . . . . . . .  - P  

I M mas. (at na.d end ) . . . . . -  Pb 

M x  (when.>.) . . . . .  - P ( n - a )  

amax. ( a t  f m e n d  ) .  . . . .  -=(3I-b) 
@El , 
Pb. ( a t p o l n t o f l o d ) .  . . .  -- 3EI 

Pb. . . . . . .  a. (when < a) - ---- (31 -3. - b) 
*. .El . . . . . .  a. (when >a)  - -(Sb-l +n)  

22. CANTILEVER BEAM--CONCENTRATED LOAD AT FREE END 

. . . .  Total Equlv. Uniform lod - 8P 

A - V  . . . . . . . . . .  - P  

M ma..(at ( l x d  end) . . . . .  - P I  

I 23- 

BEAM FIXED AT ONE END. FREE TO DEFLECT VERTICALLY BUT 
NOT ROTATE AT OTHER-4ONCENTRATED LOAD AT DEFLECTED END 1 

. . . .  
. . . . . . .  

TOW Equlv. UnU- LorJ - 4P 

I) R - V  . . - P  

P I  . . . .  M max.(at both mndm) - - 
2 

. . . . . . . . . . .  M. - P($-a) 

PI* . . . .  bmax. (at end) - - 12EI 

P I 1  - .). 
A, . . . . . . . . . . .  - 12L) (1 +2.) 
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PROPERTIES OF GEOMETRIC SECTIONS 

SQUARE A - dm 

Anla of momenta throuah contor 
d 

C - 2  

1 - 3: w 12 

8 -d' 
a 

r - -  J& - .-76d 

2 - '  
4 

SOUARE 

&lo of mom8nto on bw A - dm 

a - d  -p I -!!! 
8 

0 - E  a 

a r - -& - - 5 7 7 3 ~ ~  

A - d. 
SQUARE 

d 
Anlm of momenta on di8aon.l C - -  J 2 - -707107 

d. 

07 8 I - - -  12 d ' - .llnSl d. 
r - -  4 .-76d J 12 

z - l o ' - -  
3 

..;T - .z%m2,. 

- 
RECTANGLE A - b d  

d 
Axim of momanta throumh canter a - -  2 

bd 
I - -  12 
8 - b d .  a 

r - - d -  - -2N676d 
J 12 

- -"? 
4 

-- - 

- -- - - -- _ - -' - -- 

PROPERTIES OF GEOMETRIC SECTIONS 

RECTANGLE 

Ax loo fmomon tombno  A - b d  

a - d  

QJI I - W .  
3 

0 - b d .  
3 

d J5 - .smmr r - -  

RECTANGLE 

A . L o f m u n o n b o m d i ~ l  A - U  
W 

Q 
- 4- 

I - bY. 

- ----- a (b* + 4.1 
8 - b Y *  

84- - w 
(b* + dm) 

RLCTANOLL: 
&k of mmwnb any l ino A - W  
thrrryh - d I&ty 

a - b J n a + d u o  
2 

-@ 
_ _ bd bd (V (b* 8ln.a Jn.a 12 + +d. d* e0o.a) -*a) 

(b dn a + d u a) 

* d b * d n . a & d * u * a  

A - W - bad* 
HOUOW RECTANGLE 

d 
A . L o f ~ t o W ~ h o o n V  C - -  2 

I - W'- bada' 
12 - W. - bada' 
w - 4 7  

b e  bIdnZ z - - - -  
4 



PROPERTIES OF GEOMETRIC SECTIONS 

I E Q U A L  RECTANGLES A - b ( d - d l )  

I Axla of mommnt. through d 
antar  of gravity C - -  

2 

U N E Q U A L  RECTANGLES A 0 b t  + b ~ t a  
Asia of momenta throumh ' 

aontar oi mradty , H bt' + b l t l  (d - H tl) 
A 

T R I A N G L E  

Axla of moment. throumh 
antmr of #rarity 

* - 2 d  
S 

bd. I - -  so 
8 -F  

P4 

r - -& - . n m d  

T R I A N G L E  

&1m of momant. on bmm 

a - d  

I - W I  
12 

m 0 W .  
12 

PROPERTIES OF GEOMETRIC SECTIONS 

, - d. (b. + 4  bb l  +baa) 
30 (b + b*) 

* - d. (b. + 4 b b l  + b18) 
12 (a + b l )  

(I r - d 2 - ( b ~ 4 ~ b ~ b ~ * j -  

1 

Axla of momanb 
throumh a n t o r  

T R A P E Z O I D  
Axia of moment. throumh A - d(b + bl )  

con- of mmvlty 2 

(I* - (Is* ,, - r(d4 -dla) -0117s S-- 
.ud 

&lo of momenta throumh 
ant.. of mnvitr 
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DECIMALS OF A FOOT 
For each 32nd of an inch 

j 

DECIMALS OF A FOOT 
For each 32nd of an inch 

Inch 6 7 I 8  9 10 
- 

0 .5000 .5833 -6667 .7500 .8333 
% .5026 .5859 .6693 .7526 .8359 
%6 .SO52 .!%a5 .6719 -7552 -8385 
4h .SO78 .59ll .6745 -7578 -8411 

% .51M .5931) .6771 .76M . M a  
jh .5130 .!59M .6797 .7630 .8464 
%a .51% -5990 -6823 .76% -8490 
'h -5182 .6016 .6849 .7682 .US16 

% -5208 .6042 A875 .7708 .@W 
~h . 52u  .60611 .6901 .nu  ma 
%e .5260 -6094 .6927 .7760 .85W 
'h -5286 .6UO .6%3 .7786 .8620 

% -5313 - 6 1 s  -6979 .7813 -8646 
'% .5339 .6172 -7005 .7839 . a 7 2  
50 -5365 -6198 -7031 -7865 .86N ' % -5391 .6224 -7057 -7891 -8724 

% .5417 .62!iO .701)3 .7917 .87SO 
"%a -5443 .6276 -7109 -7943 -8776 
%o .5469 -6302 .7135 .7%9 .g#y 

% -5495 .632E .7161 -7995 .11828 

w . 5 ~ 1  . 6 ~  .nm .son .an54 
*!&a -5547 .6380 .I214 .0047 .118W) 

'%a -5573 .6406 .7240 .8073 -8906 
3h .5599 .64Y -7266 -6099 3932 

'k -5625 .649 .7292 .8125 .895E 
% .5651 . 1 -7318 .El51 .69M 
I%. -5677 .6510 1 -7344 -8177 .9010 
¶'%a .5703 .65S  .7370 .M03 -9036 

3% .5729 .6563 -7396 .IW9 .go63 
% .5755 -6589 -7422 , .a255 .9089 
'%a .578l .6615 -7448 .8281 -9115 
'%a .!SO7 .6641 .7474 .a307 -9141 

Inch 

0 
H, 
%a * 

)b 

% 
Kt 
350 

W 
%a 
%a 
'Hp 

% 
L)b 
550 

LWI 

% 
lp%a 
%. 
'K, 

w 
'%a 
'H. 
=xu 
% 
%z 
w. 
nh . 
% 
% 
%r 
'% 

11 

.9167 
-9193 
.9219 
-9245 

.9271 

.9297 

.9323 
-9349 

.9375 
, -9401 

- 9 2 7  
.9453 

.W79 

.%05 

.%31 . -9557 

.%a3 
-9609 
-9635 
.%61 

.%an 

. 9n4  
-9740 
.9766 

.9792 

.!#a18 
-9844 
.WO 

.9096 
-9922 
-9948 
-9974 

0 

0 
.0026 
.OcKt 
-0078 

.01M 

.01m 

.0156 

.0182 

. o m  
-0234 
.0260 
.0286 

. on3  
-0339 
-0365 
.om 

-0417 
-0443 
.M49 
-04% 

.an 

. m 7  

. a 7 3  

.MQ9 

-0625 
-0651 
-0677 
-0703 

-0729 
.0755 
.0781 
.0807 



BAS1 C NAVAL ARCHITECTURE 

Excerpts From 

Rules f o r  Bu i ld ing  and Classing 

Steel  Vessels, 1987 

Rules f o r  Bui ld ing and Classing Steel  Vessels 

i s  rev ised y e a r l y  and published by: 

American Bureau o f  Shipping 
4 5  Eisenhower Dr ive  
P. 0, Box 910 
Paramus, New Jersey 07653-0910 

copies may be ordered d i r e c t l y  from the  publ isher.  



SECTION 1 1 b = meenbreadthofthe~reclsupported,inmorft 
h = height above the area supported m defined below, in m or ft 

Pillars and Deck Girders 

11.1 General 

All tiers of beams are supported by pillars or by means which are not 
less effective. Tweendeck pillars are to be arranged directly above 
those in the holds, or effective means are to be provided for trans- 
mitting their loads to the supports below. Wide-spaced pillars are to 
be fitted in line with a keelson or intercostal double-bottom girder, 
or aa close thereto aa practicable; the seating under them is to be of 
ample strength and is to provide Hective distribution of the load; 
lightening holes are to be omitted in floors and girders directly under 
wide-spaced hold pillars of large size. Special support is to be arranged 
at the ends and corners of deckhouses, in machinery spaces, at ends 
of partial superstructures and under heavy concentrated weights. For 
forecastle decks see a h  17.8. 

11.3 Stanchions and Pillan 

11.3.1 Permissible Load 
The permissible load We of a pillar or strut is to be obtained from the 
Mowing equation which will, in all cases, be equal to or greater than 
the calculated load Was determined elsewhere in the Rules. 

Metric Tons Long Tons 

We = (1.232 - 0.0045211r)A We = (7.83 - 0.3451/r)A 

I = unsupported span of the shut or pillar in c m  or ft 
r = least radius of gyration in c m  or in. 

A = area of strut or pillar in cme or in.= 

11.3.2 Length 
The length 1 for use in the equation is to be measured from the top 
of the inner bottom, deck or other structure on which the pillars are 
based to the under side of the beam or girder supported. 

11.3.3 Calculated Load 
The calculated load W for a specific pillar is to te obtained from the 
following equation. 

Metric Tons Long Toru 

W = 0.715bhs W = 0.02bhs 

8 = mein length of the area supported, io m or ft 

For pillars spaced not more than two frame spaces the height h b 
to be taken as the distance Fnnn the deck supported to a point 3.80 
m (12.5 ft) above the freeboard deck 

For widespaced pillars, the beight h h to be taken as the distance 
from the deck supported to a point 244 m (8 ft) above the freeboard 
deck, except in the case of such pillars immediately belaw the free- 
batud deck in which case the value of h is not to be lesr than given 
in Table 10.1. Column .; in meamring the distance from the deck 
supported to the specified height above the freeboard deck, the height 
for my 'tween decb devoted to passenger or crew accommodetio~ 
may be taken as the height given in 10.3 for bridgedeck beams. 

The height h fbt my pibr under the first superstructun above the 
freeboard deck ia  not to b e b t h a n  244 m(8 ft), The height h for 
my pillar isnot tobelessthantheheight givenin 10.3 hrthebear~~ 
atthetopofthepiltupllgtbe~nndthebdghb@venintherune 
paragraph for the beuns of all complete decb  and onthnlf the heights 
g i v e n f o r a l l p e l t b l m ~ I b w e .  

Theheighthforplllurunderbulkheadreccssesotthetop,of 
tunnels b not to be 1- than the dhteme h the recess or tunnel 
top to the bulkhead deck at the centerline. 

119.4 Specid Pillan 
Spedal pillars which are not directly in line with those above, or 
which are not on the lines of the girders, but which support the I d  
ham above or the deck girders through a system of supplementary 
fore and aft or transverse girdem, such as at hatch ends where the 
pillars are fitted only on the centerline, are to have the lorid W for 
use with the equation proportionate to the actual loads transmitted 
to the pill= through the system of girders with modifications to the 
design value of h as described in 1.3.3. 

11.325 Pillan under the Topa of Deep Tonb 
Pillars under the tops of deep tanb are not to be less than requind 
by the foregoing. They are to be of solid sections and to have not less 
area than 1 . 0 1 S ~ c m ~  or 0.16W in?, where W is obtained from the 
hUowing equation. 

W = 107bh metric tons W -- 0.03bk long tom 

b - breadth of the area of the top of the tank support& by the 
pillar. in m or ft 

8 = length of the area of the top of the tank supported by the flu. 
i n m o r R  

h a height aa required by !jection 10 h r  the beam of the top of the 
tank.inmorft 





h = height as required by Section 10 for the b e a m  supported, in m 
or R 

1 = span between supporting girders or bulkheads, or between gir- 
der and side frame, in m or ft. Where an effective bracket is 
fitted at the side frame, the length 1 may be modified. See 9.3.3. 

11.7.3 Proportions 
Girders are to have a depth of not less than (4.05831 (0.7 in. per R of 
span 1). the thickness is not to be less than 1 mm per 100 mm (.01 
in. per in.) of depth plus 4 mm (0.16 in.), but is not to be less than 
8.5 mm (0.34 in.) where the face area is 38 cme (6 in2). 10 mm with 
63 cme (0.40 in. with 10 in.2), 12.5 mm with 127 cme (0.50 in. with 
20 in.2) and IS mm with 190 cm2 (0.60 in. with 30 in.2). 

1 1.7.4 Tripping Brackets 
Tripping brackets arranged to support the flanges are to be fitted at 
every third frame where the breadth of the flanges on either side of 
the web exceeds 200 mm (8 in.), at every second frame where it 
exceeds 400 mm (16 in.) and at every frame where it exceeds 600 
mrn (24 in.). 

11.75 End Attachments 
End attachments of deck girders are to 'be effectively attached by 
welding. 

11;9 Deck Girders and Transverses in Tanks 

Deck girders and transverses in tanks are to be obtained in the same 
manner as given in 11.7.1 above. except the value of c is to be equal 
to 1.50 and the minimum depth of the girder is to be 0.08331 (1 in. 
per ft of span I). The minimum thickness and the sizes and arrange- 
ments of the stiffeners, tripping brackets and end connections are to 
be the same as given in 11.7.3, 11.7.4. and 11.7.5. 

11.11 Hatch Side Girders 

Scantlings for hatch side girders supporting athwartship shifting b e a m  
or supporting hatch covers are to be obtained in the same manner as 
deck girders (11.7 and 11.9). Such girders along lower deck hatches 
under trunks in which covers are omitted are to be increased in 
proportion to the extra load which may be required to be carried due 
to the loading up into the trunks. The structure on which the hatch 
covers are seated is to be effectively supported. Where deep coamings 
are fitted above decks, such as at weather decks. the girder below 
deck may be modified so as to obtain a section modulus in cm3 or 
in.3, when taken in conjunction with the coaming up to and including 
the horizontal coaming stiffener. of not less than 35% more than the 

required girder value as derived from 1 1.7.1. Where hatch side girders 
are not continuous under deck beyond the hatchways to the bulk- 
heads, brackets extending for at least two frame spaces beyond the 
ends of the hatchways are to be fitted. Where hatch side girders are 
continuous beyond the hatchways, care is to be taken in proportioning 
their scantlings beyond the hatchway. Gusset plates are to be fitted 
at hatchway corners arranged so as to tie effectively the flanges of 
the side coamings and extension pieces or continuous girders and the 
hatchend beam flanges both beyond and in the hatchway. 

11.13 Hatch-end Beams 

11.13.1 Hatchcnd Beam Supporb 
Each hatchend beam, similar to that shown in Figure 11.2, which is 
supported by a centerline pillar without a pillar at the comer of the 
hatchway, is to have a section modulus SM not less than obtained 
from the following equations. 

a Where Lkck Hatch& C i r d m  a m  Fitted F o n  and Ajl Beyond 
the Hatchlwy.  

b Whew Cirdm a m  not Fittad on the Line of the Hatch Side 
bond the Hotchlw y 

A = length of the hatchway, in m or ft 
B = distance from the cen te rhe  to the midpoint between the hatch 

sideandtheUneofthetoesofthebeambees,Inmorft 
C = d.istance fiom a point midway between the cen te rhe  and the 

line of the hatch side to the midpoint between the hatch side 
and the line of the toes of the beam bees, in m or where 
no girder is fitted on the centerline beyond the hatchway Cis 
equal to B 

D = distance from the hatchend beam to the adjacent hold bulk- 
head, in m or ft 

h = height for the beams of the deck under consideration as given 
in Section 10. In m or ft 

1 = distance from the toe of the beam knee to the centerline plus 
0.305 m (1 ft), in m or ft 

K = 2.20 + 1.29(F/N) when F/N < 0.6 
= 4.28 - 2.17(F/N) when F/N > 0.6 

N = one-half the breadth of the vessel in way of the hatch-end beam 
F = distance from the side of the vessel to the hatch side girder 







BASIC NAVAL ARCHITECTURE 

U n i t  Number: 1 

T i t l e :  I n t r o d u c t i o n  

Tape Running Time: 44M 45S 

Readina Assianment : None 

A d d i t i o n a l  References: None 

Scope : 

I n  t h i s  u n i t  t h e  course i s  in t roduced t o  t h e  students w i t h  a  p resen ta t i on  o f  
t h e  s p e c i f i c  o b j e c t i v e s  o f  t h e  course as app l i ed  t o  t h i s  p a r t i c u l a r  c lass .  
The t e x t  i s  in t roduced.  Requi red  s tudent  background i s  discussed. Reactions 
t o  t h e  v ideo d i a g n o s t i c  t e s t  are so l  i c i t e d .  Required m a t e r i a l s  are  descr ibed.  

Key Po in ts  t o  Emphasize: 

1. I d e n t i f y  i n s t r u c t o r ' s  name and t imes and p lace where he w i  11 be a v a i l a b l e  
f o r  consul t a t i o n .  

2. I n t roduce  t i t l e  o f  course, t h e  t ime  and p lace f o r  c lasses,  and s p e c i f i c  
o b j e c t i v e s  o f  t h e  course as a p p l i e d  t o  t h i s  p a r t i c u l a r  c lass .  

3. Play t h e  U n i t  1 v ideo tape. 

4 .  Announce how and where t h e  course t e x t ,  Modern Ship Design, may be 
obtained.  I f  the  student  i s  t o  purchase h i s  own t e x t  note t h a t  t h e  p r i c e  
has increased over t h a t  announced i n  t h e  video. 

5. Discuss t h e  d iagnos t i c  t e s t  g iven i n  t h e  video. 

6. D i s t r i b u t e  t h e  handout "Engineer ing Ca lcu la t i ons " .  (A good t ime t o  go 
i n t o  a  d i scuss ion  o f  eng ineer ing  c a l c u l a t i o n  procedures and formats w i l l  
be a t  t h e  end o f  U n i t  6 o r  U n i t  7 be fo re  ass ign ing home problems.) 

Suqaested Problem Assianment : None 







INTRODUCTION 

EXAHPLE NO. 1 (CON'T) 

SOLUTION : 

f a n 8  - w t  
- GMA 

+cine = - 1050 

= tan-' (-1050) 

TEE INCLINATION 
WILL BE 6 .0°  



INTRODUCTION 

EXAMPLE NO, 2 

FI%D THE FRICTIONAL RESISTAHCE OF A 600-FT (LVL) 
SHIP TRAVELING AT 10 KNOTS IN SALT WATER 
(TEMPERATURE = 5g°F). THE SHIP BAS A VETTED 
SURFACE OF 2.0 x 106 F T ~  

TEE APPLICABLE FORHULAE ARE: 

FRICTIONAL RESISTANCE 

,FRICTIOHAL COEFFICIENT- = cf = 0 7  5 
( log Re -2Jf 

REYMOLDS NUMBER = Re - - - V L  
If 



INTRODUCTION 

EXAHPLE NO. 2 (CON'T) 

v = V E L O C I T Y  IN F T / S E C  / 

L = 600 Fr (GIVEN) 

?/ = KINEHATPC V I S C O S I T Y  OF S E A  WATER AT 5 9 O F  

-5 (FROH TABLES)  V = 1.2731 ' 10 - 
SE C 

? = D E N S I T Y  O F  SEA YATER AT 5g°F 

= l ,9905 ce s€C= 

FT" (FROH T A B L E S )  

s = 2-0 * lo6 FT* (GIVEN) 



INTRODUCTION 

EXAHPLE NO. 2 (CON'T) 

SOLUTION : 

1. REYNOLDS NUHBER, . 

2 . FRICTION COEFFICIENT, 





ENGINEERING CALCULATIONS 

Engineer ing  c a l c u l a t i o n s  are  t h e  hear t  of any eng ineer ing  des ign job. 
C a l c u l a t i o n s  represent  t h e  appl i c a t i o n  of bas ic  eng ineer ing  p r i n c i p l e s  and 
eng ineer ing  codes t o  a p a r t i c u l a r  p r o j e c t .  The c a l c u l a t i o n s  should be c lea r ,  
conc ise  and e a s i l y  checked by a superv isor  o r  checker. The c a l c u l a t i o n s  a l s o  
have l e g a l  f o r c e  and may be used i n  t h e  event o f  a d i spu te  i n  f u t u r e  years  t o  
demonst r a t e  t h a t  good eng ineer ing  p r a c t i c e  was f o l  1 owed i n  per forming t h e  
eng ineer ing  work on t h e  p ro jec ts .  

I n  t h i s  course, t h e  student  should p r a c t i c e  good eng ineer ing  c a l c u l a t i o n  
procedure i n  work ing t h e  problems. The o u t l i n e  t h a t  f o l l o w s  i s  po in ted  toward' 
eng ineer ing  i n  p r a c t i c e ,  bu t  can be app l i ed  e q u a l l y  w e l l  t o  s o l v i n g  t h e  
p r a c t i c e  problems i n  t h i s  course. 

OUTL JNE OF ENGINEERING CALCULATION PROCEDURES 

1. Use o f  a q u a d r i l l e  o r  c ross -sec t i on  paper i s  recommended. Th is  
f a c i  1 i t a t e s  p r e p a r a t i o n  o f  sketches, t a b u l a r  c a l c u l a t i o n  formats, and neat 
c a l c u l a t i o n s .  Many companies have p r e p r i n t e d  c a l c u l a t i o n  sheets, o f t e n  
w i t h  a non- reproduc ib le  g r i d  background. 

2 .  The company name, p r o j e c t  number, t i t l e  o f  t h e  p r o j e c t  and sub jec t  o f  t h e  
c a l c u l a t i o n s  and you r  name o r  i n i t i a l s  should appear on every page. The 
da te  t h e  work i s  done should a l s o  appear on every page. Each page should 
be numbered, f o r  example, "Page 12 of 18", and a Table of Contents shou ld  
be i n c l u d e d  f o r  long c a l c u l a t i o n s .  

A l l  c a l c u l a t i o n s  should be p r i n t e d  l e g i b l y .  

4 .  The formulas used i n  t h e  c a l c u l a t i o n  should be shown c l e a r l y  and t h e  
source o f  these formulas shoul.1 be c i t e d  as a reference,, 

0 

5. The approach t o  t h e  problem should be exp la ined c l e a r l y .  Any steps taken 
i n  t h e  s o l u t i o n  t h a t  are n o t  comple te ly  obvious should be expla ined.  
Assume t h a t  another person, u n f a m i l i a r  w i t h  t h e  job, w i l l  be rev iewing 
you r  c a l c u l a t i o n s  years  from now. Wr i te  your c a l c u l a t i o n s  up so t h a t  
t h i s  imaginary rev iewer  w i l l  be ab le  t o  understand c l e a r l y  what you d id .  

6. Key r e s u l t s  should be under l i ned  o r  enclosed i n  a box so t h a t  they  stand 
o u t  c l e a r l y .  

7. Whenever p o s s i b l e  c a l c u l a t i o n s  should be performed i n  a t a b u l a r  format. 
Exper ience has shown t h a t  t a b u l a r  formats are more compact, can be checked 
more e a s i l y ,  and t h a t  e r r o r s  tend  t o  be more conspicuous. 

It i s  p r e f e r a b l e  t o  arrange summations i n  v e r t i c a l  columns r a t h e r  than  
h o r i z o n t a l  l i n e s .  For example, 



16,148.0 f t i  
247.6 ft, 

i s  p r e f e r a b l e  t o  

8. Be sure t o  i n c l u d e  u n i t s .  Note t h a t  t h e r e  i s  o f t e n  confus ion between l o n g  
tons  (LT) ,  s h o r t  tons (ST) and m e t r i c  tons  (MT o r  TONNES). 

9. Be c o n s i s t e n t  w i t h  t h e  number o f  decimal p laces and t h e  number o f  
s i g n i f i c a n t  p laces c a r r i e d  i n  t h e  c a l c u l a t i o n .  For example, t h e  area of a  
c i r c l e  35 112 I' i n  d iameter i s :  

Area = 35.50 x  3.141592654 = 111.5265392. 

I n  t h i s  case, eve ry th ing  past  t h e  second decimal p l a c e  has no 
s i g n i f i c a n c e .  Also, t h e  number o f  decimal p laces c a r r i e d  should be 
cons is ten t .  There i s  a  d i f f e r e n c e  i n  meaning between: 

I n  t h i s  example, 35 112 " means 35 inches exac t l y ,  o r  t o  t h e  t o l e r a n c e  
s p e c i f i e d  on t h e  drawing. 35.5" means between 35.45 inches and 35.54 
inches. 35.50" means between 35.495 inches and 35.504 inches, e tc .  The 
number o f  p l  aces c a r r i e d  should be c o n s i s t e n t  w i t h  t h e  measurement 
accuracy and t h e  to le rances  desired.  





BASIC NAVAL ARCHITECTURE 

Uni t  Number: 2 

T i t l e :  - Ship types and sh ip  systems - 1 

Tape Running Time: 

Reading Assignment: Modern Ship Design (MSD), pp 3-10 

Addi t iona l  References: Ship Design and Construct ion (SDC) , pp 1-13 

Recent a r t i c l e s  on sh ip  types taken from t r ade  
magazines 

Scope : 

The ob jec t i ves  o f  Uni ts  2 and 3 are t o  in t roduce t he  student t o  var ious types 
o f  ships and c r a f t  i n  commercial and m i l i t a r y  services and t he  trends i n  sh ip  
design and propuls ion which have developed i n  recent years. 

Key Points t o  Emphasize: 

The i n s t r u c t o r  should use c lass t ime t o  supplement p i c t u res  shown i n  the  video 
w i t h  add i t i ona l  s l  ides o r  transparencies. Acceptable t ransparencies can be 
made from photos i n  t rade  magazines. Transparencies should be se lected t o  
emphasize t rends o r  sh ip  features. 

Suggested Problem Assignment: None 

(The i n s t r u c t o r  may wish t o  requ i re  students t o  read assigned a r t i c l e s  i n  
t rade  magazi nes .) 











Odense 
trio for U 
An innovatiwe design of 
RoRo/LoLo containership 
Inspired by the  trading 
requirements of USbased 
Delta Llne, has been 
delivered by Odense's Undo 
yard in Denmark. 'Sea WOW 
is the  fist of three 
24,180dwt vessels for 
which, due to a subsequent 
chartering deal by Deb's 
San Franciscebased parent, 
Crowley Maritime 
Corporatiin, the  versatility of 
the series operating in other 
services may well be tested. 

Conceived for serving ports on 
Latin American routes having as 
yet, limited handling facilities, and 
W y  equipped for their cargo 
access by MacGregor-Navirc 
(MGN), the design specified two 
rdmounted 40 tonne gantry cranes 
ofa new 'CCB' type from Liebhen. 
These units can traverse the holds 
over three layers of containers; a 
fourth layer can also be stacked 

The 10 cellular holds, all 
forward of the supersbucnue, and 
the garage deck aft respectively, 
d e r  capacity for 1,936TEU and 
27 x 40R trailers. Provision for both 
containers and trailen nflects the 
operator's RoRo experience in US 
West Coast/Alaskan as well as 
Caribbean senice5 

The MGN supply for the trio 
was detailed in MacGmgorNavire 
News 102, so we shall only briefly 
recap hen. RoRo access to the 
garage area, which runs full beam 
from aft under the accommodation 
into No. 10 hold is via an MGN 
stern ramp/door angled at 45 
degrees on the starboard side. In 
thm sections it provides an 18.0m 
bng x 6.25m wide driveway anb as 
a watertight door, closes a clw 
opening 6.25m wide x 5.55m high 
in the transom stem lu total weight 
is 52 tonnes and a maximum load of 
100 tonne can be sustain& this 
allows for certain types of tractor 
and US standard road trailers. 
The normal maximum operating 

slope is f 1 :7 (or8.1 degrees ofarc) 
but the ramp can also be lowered to 
water level at r slope of -19 
degrees. 

Holds Nos I to 9 m each 
accessed by thm hatches, with two 
only on N o  10 becaw its central 
space is taken up by r CO' room 

built - 
S Lines charter 

MGHs supply is therefore 29 
hatch covers per ship all king one 
piece weathertight pontoon (lift 
away) type panels with r combhat 
area of3,374m2. 

Clear opening sizes arc: 
Hatches I to 9. centre - 12.445m 
long x 10.492m wide; hatches 2 to 
10pBrsb- 12.445m longx 7.959m 
wide; hatchNo. I p&sb- l2.445m 
bng x 5.2% wide. 

The maximum weight of one 
centre panel is 28 tonnes; the 
combined weight of all ttK coven is 
about 6 18 tonnes. 

Each cover is designed for a 
UDLof 1.75 tonnes/m2. equivalent 
to containen stacked three-tien 
high weighing 60 tonnes/20ft or 90 
tonnes/4OfL 

sea wolf was delivmd last 
December only 1 4 months after the 
contract signing her sisters ue  
scheduled to follow this year. Not 
long before the handing over. 
however. Crowley Maritime agreed 

acquire outright 11  other Delta 
vessels. The agreement. subject to 
MARAD approval, could see the 
ships serving the rwnd-the-world 
feeder network of their new operalor. 

For Odense. this new class is yet 
another design reference for an 
experienced Danish yard whose 
abilities were recently recognised 
by the award of Woyd's Register of , 
Shipping's prized 'Quality Assur- 
ance Cenificate': the first for 8 

seventh for a shipbuilder anywhere. 
I European yard and only the , 
i 

PRINCIPAL PARTICULARS 
'Sea Wolf' 

Length (0.a.) . . . . . . . . . . 198.80m i 
Length (b.p.1 . . . . . . . . . . 186.40m 1 
Breadth . . . . . . . . . . . . . . . . 32.20m 1 
Depth .. .. . ... . . .. .. ... 20.45m , 
Draught . . . . . . . . . . . . . . . . . 9.1 5m 
Deadweight.. . . . 24,180 tonnes 
Containers ... ...... . 1,936TEU 
Trailers . . . . . . . . . . . . . . . 27 x 40tl 
Propulsion . . . . . Sulzer 7RTA76 
Output . . . . . . . . . . . . . 23,030 bhp 
Speed . . . . . . . . . . . . . 17.80 knots 

to bareboat charter the new trio to 
United States knes which also -1 
A container-laden Sea Wolf caught by the aerial camem as she 
mnsited the English Channel I 
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PROFILE AND GENERAL ARRANGEMENT PLANS 
OF THE 31 000 GRT NORTH SEA FERRIES 

: NORSEA & NORSUN 
MAY 1987 I 

LIFE BOATS LIFE BOATIRESCUE 

. 

LIFERAFT LAUNCHING DAVITS 

1 





-. . . - -. . - 
MESS ROOM STORES DRY PROVISIONS 

MACHINERY 

GEAR 6 THRUSTER SWITCHBOARD 
COMM RM 

STABlLlSER 
COMM 



Length, oa l78.91-n 
Length, bp 169.8111 
Breadth. extreme 25.4m 
Depth, mld (to F dk) 7.85m 

Draught, max cl: 6.13m 

Draught, scantling 6.2% 
Deadweight 6 340 tonne 
Gross register (aoorox) 31  600 ton 
Service speeds 16.5 & 18.5 knots 

Engines 2 x Wartsila-Sulzer 9wra 
2 x Wartsila-Sulzer 6x40 

Total MCR 19 200kW (26 100 bhp) 
Passengers 1 250 

Cabins 446'452 
Crew 107 
Cargo space 2 250 lane m 
Cargo capacity 180 trailers, 850 can, 

or a mixture of both 

No of decks 8 
Classification Llovds 9 IOOAl 

Ferry +' ~ ~ c & u ~ s s o u s  
Short International Voyage 

III engines - Wartsila-Sulzer Wartsila-Sulzer @m 
arboxes F Tacke F Tacke l&%l - 

rs Woodward Woodward 199rI 
iators Wartsila-Vasa Whrtsila-Vasa rn - -. 

pellers & bowthrusters KaMeWa KaMeWa rn 
--lators &thruster 

tors S~emens Taiyo rn - .  - 

..gency generator Finning Caterpillar Mitsubishi 

-ifiers Westfalia Westfalia ma 
I access equipment Kvaerner MacGregor Far East LqBO 

-. 
machinery Sunderland Forge Fukushima ma 

,itchboard &control Siemens lglIl Terabaki Ma 

lrtight doors Winel MacGregor Far East 
~nditionina Flak Novenco ma 

' ilisers Ross lndustrie I 

- - - 
~dders Becker Becker rn 

305s lndustrie rn 
'ring gear Hastie MHI mil 

~ermal oil system Saarloos Saarloss mxB 
Van Rijn wN :e systems Wormald L -~ - 

:rine eauioment Electrolux Marine Electrolux Marine 1 " . r  

->oat davlts Schat Dav~t Co m 
ferafts RFD Beaufort ma - 

101s Byen HCG rn 
,oats Welin Lambie Mulder & Rijke 1861 

eeling pump system Frank Mohn Frank Mohn m# 
fis Otis Elevator deReus rn 

,age system Evac Evac Em 
overing Signal Marine Talhei Kogyo - 

'eillngs Dampa Dampa am 
!munications Ericsson Er~csbon em 
3,  autopilot Anschiitz Anschiitz rn 

:arpats Hugh Mackay Weston m# 
HVI m 

e oil f i l ten Boll & Kinh Boll & Kirch Em 

BRIDGE DECK 

UPPER DECK 

448 seats 

MAIN DECK 

6 80 cars 

\ or 24 commercial v 

Propeller 
com~artment Diesel TANK TOP 

nil 

0-0 metres 

PROFILE AND G 
PLANS OF 'I 

ST 
MAY 1987 

268 
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GENERAL oyNAMIcs PMaTa" 
I 

- 3 8  . 
Z . . . 

4 ' .  I .r; 
f . ,  t 

NEW LNG CARRIER -- LNG LEO, newest liquefied nadbra1-f. . . 
t -  

-s tanker to he built at General ~vnamics' ~ u i + y  - ' ,,. . . 
- - , .:t ti..- - 

Shipbuilding ~ivisidn, returns following completi& 
': 

' -. .. 
of successful sea trials in the Atlantic. *laming - a 

ceremonies for the 936-foot, 125,000-cubic-meter 

tanker were held today (rlec. 2) and she will join 

her sister ships early next year in transporting 

LNG between Indonesia and Japan. 

# a # # # #  
12/2/78 

For further information 
GENERAL DYNAMICS CORPORATION 
OUINCY SHIPBUILDING DIVISION. 97 EAST HOWARD STREET, OUINCY. MASSACHUSETTS 02169 617 4714200  









Powerful currents drive 
the Queen 

The new electrical system for Queen Elizabeth 2 has an insded 
capacity of over 90MW. enough to drive the vessel at a service 
speed of 28.5 knots and supply aU the passenger services with 

The nine diesel engine driven AC gener- 
ators for the refit were designed and 
manufactured by the Generator Divi- 
sion of GEC Turbine Generators Ltd, 
Stafford, UK. 

Each machine is rated 10.5hN1 at 400 
rev/min and generates lOkV at a fre- 
quency of 60Hz. The generators provide 
power for the two 44MW electric pro- 
pulsion motors and for the hotel load. 

The electrical propulsion system was 
designed and supplied by GEC Elec- 
trical Projects Ltd, Marine & Offshore 
Division, as subcontractors to MAN 
B&W. It is the world's first in many 
respects, the most important aspect 
being the use of synchro-convertors. 

In some AC propulsion systems the 
propulsion motor runs at a fured speed 
corresponding to 50/60Hz, a constant 
frequency being necessary if the pro- 
pulsion bus is used to supply the ship's 
auxiliary load. Alternatively, the pro- 
pulsion motor can run at variable 
speeds with a variable frequency 
supply, but under these circumstances 
the propulsion busbar could not be used 
to supply the ship's auxiliaries. 

However, the use of synchro- 
convertors provides a variable fre- 
quency supply for speed control of the 
AC propulsion motors. In addition they 
can be used to give a soft start facility to 
enable the propulsion motor to be syn- 
chronised with the propulsion busbar. 

Thus, the propulsion motors can be 
speed controlled as they would be with 
a conventional thyristor fed DC motor. 
Alternatively, they can be run synchro- 
nised onto the propulsion busbar 
system. The use of one system or the 
other is directed by the sailing mode. 

The 18-pole generators are of the 
salient pole type and are diredly driven 
by the diesel engines. A brushless 
excitation system is used to avoid prob- 
lems associated with carbon brush dust 
and current collection that can occur 
with conventional DC exciters or static 
excitation. The brushless design incor- 
porates a permanent magnet pilot ex- 
RE-ENGINING OU THE MOTOR SHIP.JUNE 1987 

capacity to spare. 

l7~18=vok generatars are mted atlO.Wat 400 rev/rnin; the &Id is provided by a 
brushless emitation system, w'ng ;permanent magnet ez&, seen on the r@ht of 
the photograph. 

citer to supply the field of the main 
exciter via the automatic voltage regu- 
lator. With this design the excitation 
scheme is independent of any external 
sources of supply. 

A conventional two-bearing arrange- 
ment was selected for the generators 
with the stator frame and bearing 
pedestals mounted on a fabricated bed- 
plate; on board the bedplate is securely 
bolted to the floor of the engineroom. 

The generator bearings are self- 
lubricated by an assembly of oil discs 
and scrapers. Both bearings are p..o- 
vided with cooling tubes immersed in 
the oil bath contained in the pedestal 
sump, and a continuous supply of water 

I to these cooling tubes removes the heat 

generated at the bearing surfaces. The 
generators are coupled to the diesel 
engines by Vulcan flexible couplings; 
hence there is the possibility of some 
axial movement of the generator rotor 
arising from the pitch and roll of the 
ship in rough seas. To overcome this 
problem thrust pads are incorporated in 
the front end bearing to accommodate 
the resulting axial loads. 

The machines are ventilated by a 
closed air-circuit water-cooled system 
where air is recirculated through heat 
exchangers mounted on top of the 
stator frame. Air is drawn by fans 
mounted at each end of the rotor, and 
flows through the stator windings and 
then in parallel paths through the air 

2 + 2 Q  
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Diesel-electric power chosen 
for Queen Elizabeth 2 
Cunard, the UK shipping line, 
has opted for a diesel-electric 
configuration to replace the 
existing turbines on boards its 
liner Queen Elizabeth 2. Nine 
9-cylinder MAN-B&W 56/64 
series engines producing a 
total of 94 500kU1 (130000 
bhp) will be installed in the 
vessel. MAN-B&W are also 
responsible for the technical 
layout and delivery of the 
complete production package 
which also involves GEC and 
Harland and Wolff. 

The cost of re-engining the 
QE2 will be DM90 million 
(US$34 million). 

The new plant is expected to 
make a daily saving of 250 
tonne of fuel oil at  a service 
speed of 28.5 knots although a 
top speed of 32.2 knots will be 
attainable. 

The West German shipyard 
Lloyd Werft, Bremerhaven 
will begin work on the DM300 
million (US$114 million) refit 
in October 1986 with the 
vessel spending 179 days at  
the berth, to be returned to 
Cunard in April 1987. Cunard 
has already planned its cruise 
programme for 1987 and 
heavy penalty clauses are in- 
cluded in the contract. 

MAN-B&W's wa164 engine 
series (The Motor Ship special 
supplement, March 1985) has 
been developed for a power 
range between 5 884 and 
11 033kW (8 000 and 15 000 
bhp), to provide an overall cost 
effectiveness for a large bore, 
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four-stroke engine. The char- 
acteristics of this engines fuel 
consumption, lube oil con- 
sumption, exhaust energy re- 
covery, heavy fuel operation 
and maintenance are sum- 
marised thus: 

Fuel consumption. A con- 
sumption of 123 glhph a t  85 
per cent ECR was achieved on 
the testbed with a 3158164 ex- 
perimental engine and figures 
of 120 to 121 glhph are 
foreseen. 

Lube oil consumption. 
Rates of less than 1 ghph 
have been achieved. 

Exhaust gas recovery. Be- 
tween 350 and 700kW of elec- 
trical energy can be gained 
from the exhaust gas, thus 
providing 50 per cent more 
exhaust energy than current 
two stroke engines. 

Heavy fuel operation. The 
56/64 engine series has been 
run on significantly lower 
grade heavy fuel than is cur- 
rently available on t h e  
market, says the company, and 
has been operated on fuel of 
1 720 cST (7 000 sec Redwood 
1) from the outset. A simple 
means of adjusting ignition 
timing is incorporated with 
which the combustion process 
can be adapted to operating 
and ambient conditions, such 
as the varying quality of the 
fuel. 

Maintenance. A high 
power output developed on a 
small number of cylinders 
means low maintenance costs. 

say MAN-B&W. With just 
four variants from six to nine 
cylinders the 58164 series 
covers a 7 000kW power 
range. Short removal and in- 
stallation times are claimed 
for the engine together with a 
long service life of the major 
components. 

In addition to the ma- 
chinery which will require 
some structural modifications 
to the ship, extensive alter- 
ations in the accommodation 
are also planned to provide 
more luxury for passengers. 
Extra deluxe and 1st class 
cabins will be add23 cogether 
with new communial areas 
with integrated shopping ar- 
cades, bars and a conference 
centre. A squash court and 
entertainment centre will also 
be added. 

Over the bridge an all- 
weather observation lounge 
will be built for passengers. 
Other attractions will include 
a swimming pool with adjust- 
able floor, making it possible 
to raise it to a safe height for 
children or change it to a 
dance floor. Galley spaces are 
to be rebuilt in one central 
location and a new hospital 
and doctors surgery are to be 
built. Crews mess and recre- 
ation areas will also be im- 
proved. A new automatic tele- 
phone exchange will be in- 
stalled to make it possible for 
all cabins to be linked via 
Satcom to make international 
calls. I3 

~rosssection ofthe 58/64 engine 
showing the monobloc fmme 
and the underslung cmnk- 
shuft. 

The three-cylinder prototype 
58/64 on which dewlopment 
tests were carried out. 

Cp propeller and Grim wheel 
of the type to be f e d  to the 
QE2. The opemcion of the 
Grim Wheel was discussed in 
The Motor Ship, February 
1984. 





gap where it exhausts out.vard~ 
through ducts in the stator core. The 
hot air is directed upwards through 
openings in the top of the frame to the 
heat exchanger. The recooled air is 
then drawn back to the rotor fans to 
complete the circuit. The brushless 
exciter is ventilated by air from the 
generator air circuit via overhead ducts 
from the stator endshields. 

The heat exchanger is contained in a 
steel housing mounted on top of the 
stator frame. It utilises a double tube, 
double tubeplate design, With this 
arrangement any water leakage in the 
event of a tube failure is contained 
within the outer tube and is channelled 
into the space between the double 
tubeplates. This space is drained into a 
cooler leakage tank fitted to the side of 
the stator frame. A liquid level detector 
provides a warning of arly leakage from 
a cooler. 

The overall length of the machines 
had to be limited because of space 
constraints, and modifications were 
introduced into the exciter design to 
shorten its length. One such change 
involved the rotating diode carrier 
which was redesigned and mounted 
underneath the armature winding over- 
hang of the main exciter. 

In the event of a major failure of one 
of the generators, the machines are 
designed such that all of the poles and 
the top two-thirds of the stator winding 
can be removed without having to 
withdraw the rotor or remove the ex- 
citer and bearing pedestals. 

To reduce the erexion time at the 
shipyard, the machines were delivered 
fully erected on their bedplates. To 
facilitate transport with the rotor 
secured in the core of the stator, a new 
design of endshield was developed. 

The stator frames are waterproofed 
up to the underside of the shaft to meet 
Lloyd's requirements. 

The order for the generators was 
received at the end of December 1985, 
and manufacture of all nine machines 
was completed by the end of September 
1986. 

Motors 
The motors were designed and manu- 
factured by GEC Large Machines Ltd in 
Rugby. The order was received in 
December 1985 and the motors were 
completed, tested and despatched to 
Bremerhaven in AugusVSeptember 
1986. 

These are believed to be the largest 
single unit propulsion motors in com- 
mercial service. 

The machines are 9m long and 8%m 
in diameter. The 900mm diameter shaft 
is 5.7m long and carries a rotor of 6m 
diameter, the complete shaft and rotor 

PORT 

Hotel bus 3.3 k ~ .  €4 HZ I 
GI~I 

solallon 
breaker 0 = Bnakel 

E l e c W  power for propulsion a d  for the hotel requimmL9 of the ship are 
supplied from any cmnbinalh of the nine getm&s. Tht synchloconverters are 
used for shafl reuolutio?~ up to 72 rev/min; above that speed the sha% are driven at 
144 reu/min, mespondir lg  to the ship's f i e p e n q  of 60Hz. 

weighting 105 tonne. The complete 
motor weighs approx 300 tonne. The 
shaft carries a rated torque of 2.92 
x 106Nm, nearly 12 times that of each 
generator. 

The machines had to be designed 
both mechanically and electrically to 
meet the stringent conflicting demands 
of very limited space and performance 
within established criteria Because of 
the large physical size, the production 
constraints, transport and assembly at 
the dockside, and practicabiity of on- 
board maintenance strongly influenced 
the design. 

The stator frame was split into two 
sections of about 75 tonne each to 
facilitate transport. !\%en reassembled 
with their endplates they form an ex- 
tremely rigid box structure, which is 
designed to be watertight up to the 
underside of the shaft. This was tested 
in the factory, prior to core and winding 
assembly, by filling the lower half with 
50 000 litres of water. 

Similarly the rotor was split into two 
half rimldisc units of 35 tonne, and a 
shaft (28 tonne), The design was 
arranged to minimise production time 
on final assembly. Factory tests in- 
cluded an electrically coupled run with 
one machine as a generator. After tests 
the component parts were shipped to 
Bremerhaven where they were reass- 
embled under GEC supervision before 
being lifted complete into the ship. 

The motor enclosure is arranged for 
closed air-circuit water cooling. Air is 
circulated through four frame-mounted 
heat exchangers by eight motor-driven 
fans, the re-cooled air being returned to 
each end of the motor. A double tube, 
double tubeplate design is used to 
provide the same high integrity cooler 
as on the generators. The particular air 
circuit arrangement was necessary be- 
cause of the severe space restrictions 
and the need to achieve uniform venti- 
lation. 

The motor shaft is supported in two 
pedestal-mounted sleeve bearings. 
These were specially designed for the 
duty and are self lubricated and water- 
cooled in a similar manner to the 
generator bearings. In addition they 
incorporate high pressure jacking oil. 
This is used to ensure proper lubri- 
cation and minimise wear at start and 
under low speed conditions. It is also an 
essential factor to assist maintenance 
and barring operations. The motor is 
solid coupled to the 7Om-long propellor 
shaft, which is inclined 1.5 deg to the 
horizontal. The thrust block immedi- 
ately adjacent to the motor, provides 
axial location. 

Both stator and rota; windings have 
full Class F insulation but operate at 
Class B temperature i ses  (8TC rise in 
the stator, 90°C rise in the rotor, both 
based on cooling water at 38°C). 

(Continued on pgzng 6 
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Tht> stator coils wem designed to 
f ~ ( ~ i l i t n t t 1  wn1ov~I and replacement for 
shippi~ig atid retlssembly at the stator 
joint*. Thih feature also allows in-situ 
rt*n~ov~I and replacement, should this 
c h \ c b r .  h(1 required. Similarly the rotor 
1)111(, itt~d fit+-l mil are designed as an 
i t ~ ~ c ' ~ Q ' i ~ l  ttsst~nlbly to facilitate in situ 
r . c . ~ ~ ~ o \ . r t l ,  Thtl poles can be removed 
thn~ugl~ nc*ctlss covers in the end plates. 

' 1 ' 1 1 c b  nlotors have inboard sliprings 
tltlsi~nic~d lor static excitation from 
r.c1nlott8 nlounted equipment, arrange- 
I I I (~IIL* artb made to prevent carbon dust 
cbnttlring thr motor. 

'T'hr variable frequency starting 
sclhrnic~ avoids the high power which 
would be required to start the motors 
direct from the generators. This 
accelerates the motors to synchronous 
speed, or runs the motors at sub- 
synchronous speed for manoeuvering 
purposes. The power restriction in this 
mode is 11MVi' at 144 revlmin on each 
motor. Thereafter the motors are syn- 
chronised on to the main generator 
supply where full power of 44MW can 
be achieved by adjustment of the vari- 
able pitch propellers. 

Frequency controls 
Two identical frequency convertors are 
provided to enable the motors to be 
accelerated up to speed for-synchro- 
nising and to enable them to be control- 
led at variable speed as required. 

These so-called Syncdrive convertors 
were manufactured and supplied by 
GEC Industrial Controls and they are 
each rated to provide the following: 

with a constant (orpoe rharaderistic 
between these speedg 

The Syncddve is r DC link type 
convcrlor system w h  the power fm 
the AC pqulsion basbar Is fin1 crrover- 
ted into DC using a saRrrally ann- 
mutated thyristor m e ,  known as 
the supply mvertor. An Identical ma- 
chine convertor changes the ~c power 
into AC of the appropriale [requency for 
the motor. This convertor always works 
in synchronism with the rotation of tbe 
motor and it relies on tbe presence of 
sinusoidal g e n e W  voltages from the 
motor for its operatioa Tbe convertor 
directs the circuit a m m t  into the 
appropriate motor wiodings so that the 
optimum torque is generated st all 
times: it is impossie for the motor to 
fall out of step with the amvertor. 

With the normal working range the 
convertors are naturally cornmutated 
using the supply and motor-generated 
voltages to assist in the switching of the 
thyristors. At low speeds bowever, the 
motor generated voltage is insufficient 
for this purpose and heMle the supply 
convertor is used to assist the switching 
of the machine convertor from standstill 
up to approximately 7 m/min. 

The two identical Syncddves each 
consist of a suite of cubides housing the 
thyristors and all the neoessary control 
and protection apparatus The thyris- 
tors are air-cooled and they are moun- 
ted on separate thyristor modules 
which can be removed and replaced 
quickly if necessary. 

All the electronics for the drive is 
housed in a separate sectioo of the suite 
along with the necessary sequencing 
relays and alarm annunciation. 

The AC line reactors and the DC link 
reactor are installed in a room immedi- 

l7z.e engine control console has a me?rtie diagmm of the unnpIete gewmkh, 
distrihhh and electric ' system Note how the divi&m ofthe Ave and 
fovr en@u?s is r e p l i e d e d ~ a r d .  An u w p a l e p a w r  supplgpmvidcd 
& Aval-Lindberg ensures Ulat the monitorw system UIjll conhue to tiLn&m 
ime~pective of maim power failures. 

One ofthe five U B C  U' diesel mlgi~les 
i?z the an o~gz'rmz; oUm four 
are in the forward a ~ ' t m o n r  

ately below the convertors. They are 
air-cored and air-cooled. The AC line 
reactors limit the level of fault current 
which can flow in the circuit and also 
provide a measure of decoupling be- 
tween the port and starboard conver- 
tors. The DC reactor provides for 
smoothing of the DC link current and 
serves to prevent interaction between 
the operation of the supply and machine 
convertors. They also limit the rate of 
rise of fault current and allow the 
convertors to be fully protected against 
all fault conditions by static means. 

The main 10kV switchboard, designed 
and built by Field & Grant Birmingham, 
is divided into two sections which are 
mounted in port and starboard switch- 
board moms. 

Four of the diesel generator sets are 
connected to the port switchboard to- 
gether with the port propulsion motor 
and synchro-convertor and port ship 
service transformer. The other five 
units are connected to the starboard 
section along with the starboard pro- 
pulsion motor and starboard ship ser- 
vice transformer. 

During normal operation the number 
of generators on line, are selected to 
suit the operating conditions. The two 
sections of the board are synchronised 
and connected together through the bus 
tie circuit-breakers and the busbar . .. 
bridge. 

The two outer bus section circuit- 
breakers allow the propulsion and ship 
service supplies to be separated and 

(C0nm.Onm.~d m y w e ~ j  
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ewitched and controlled from the 
twitchboard using controls mounted on 
the front panel of the various sections. 
Effectively it is necessary for the 
operator to actuate the elements in the 
correct sequence, although there are 
interlocks and inhibits to ensure that all 
necessary operations are completed at 
each stage of the sequence. 

The second form of manual control is 
at the console in the engine control 
mom. This provides essentially the 
same functions as those at the switch- 
board. 

Automatic control 
The system is based On 

input signals from the Lips propeller 
control equipment. There are 

h h u r  mode; , ready-to-sai] mode; 
combiiator mode; and , f,,ailing. 
In harbour mode the propulsion 

system is effectively shut down and the 
only generators in use are those neces- 
sary to supply the demands of the ship 
services distribution system. In practice 
this means that one diesel generator set 

operated as two independent aystems. 
This arrangement allows for two pos- 
eible operating conditions that could 
cause difficulties in the ship's distribu-' 
tion system. The first condition is fre- 
quency disturbances caused by cyclic- 
ally varying propulsion load in a heavy 
sea, whilst the second is voltage distor- 
tion caused by the synchro-convertors. 

The motor synchronising equipment 
is provided with a synchro-phasing 
feature in addition to its normal syn- 
chronising capability whereby the two 
propeller shafts are synchronised to the 
supply with a particular phase rela- 
tionship. The purpose of synchro- 
phasing is to permit the optimum blade 
angle for the propellers to be used 
minimise vibration. 

There is a cross-connecting option 
for the convertors so that either conver- 
tor can feed either motor and using this 
arrangement it is possible to start the 
two shafts in sequence should there be 
a fault in one of the convertors. 

Control of prop~lsi0Il system 
The propulsion system can be operated 
either automatically or manually with 
manual control being exercised either 
at the enginemm console or at the 

10k\' ewitchboard. Manual control is at 
two levels. 

In automatic control a propulsion 
motor is started and runs in response to 
eignals produced by the mode switch on 
the Lips control panel and changes - 

from one mode to another are made 
automatically. 

In manual control the operator has to 
start and stop the equipment auxiliaries 
and close or open the circuit-breakers 
using the controls provided on the 
engine-room console or at the switch- 
board. 

However, whatever the method of 
control, all essential sequencing is car- 
ried out by relays in the enginemm 
console or in the synchronising panels 
of the two switchboard s d o n s ,  with 
some interlocking for a shaft startup 
being carried out at the reserve excita- 
tion panel. In principle the sequencing 
is simple, but it is complicated in 
practice the convertor changeover. 

In the engineroom the controls are 
arranged on the basis that it is possible 
for the starboard convertor to be used 
~b b e  motor v e m  

The lowest level of control is at the 
main lOkV switchboard; in this 
(manual) mode all the generators, 
motors, convertors, transformers can be 
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will be running while a m n d  will be 
on standby. 

In ready-to-sail mode all the essen- 
tial propulsion system auxiliaries are 
energised and in a healthy state. For 
the propulsion motors this means: 

ventilating fans running; 
bearing jacking oil pumps running 

and 
excitation equipment selected and 

healthy. 

For the convertors it is necessary 
that: 

the appropriate convertor is selected 
for the propulsion motor; 

the convertor auxiliary supplies are 
on and convertor control circuits are 
healthy and selected to remote control; 
and 

the convertor fans are running. 

For the shaft system it is necessary 
for 

the propeller to be in zero pitch; and 
the shaft brake and barring gear to be 

disengaged. 

The generators running and con- 
nected to the busbar system must ob- 
viously be adequate to meet the power 
demands of the ship service load and 

One of the main propul.skn? motors. 
Each is rated at 44MU' at 144 taVmin 
and weighs 290 tottne. Up to 72 rcev/n~itz 
thq 0pera.te u w  control of the 
sgmhroconverters; see belac. 

CirCUit diagram for a spmhmverter 
and prqpulsum motor. l?wo & 
systems with a total d n g  of 22.W' 
are installed 

the propulsion load. 
In combinator mode the propulsion 

motors are supplied, at variable fre- 
quency, by the synchro-convertors and 
are running at a speed set by either the 
Lips propeller system or by speed 
setting switches on the enginemom 
console or the switchboard. 

When running under the control of 
the Lips system the propeller pitch is 
automatically controlled to ensure that 
there are no overloads on the convertor 
system. 

The convertorlmotor combination is 
effectively a constant torque drive since 
the maximum torque it can develop is 
essentially independent of speed and is 
determined by the product of convertor 
current (which is motor stator current) 
and motor field current. The system 
behaves as a DC motor and obeys the 
same fundamental torque law, that is: 

Motor t q u e  = KIA 
K = motor torque constant 
I, = m a t u r e  current 
If = field current 

The motor is started with the propel- 
ler set to zero pitch and it remains at 
this setting until the speed has reached 
72 rev/min. 

With the motor running at 72 revlmin 
the propeller pitch can be increased up 
to the full setting and in this condition 
the motor will be developing 5.5Mtl'. To 
increase the power it is necessary to 
raise the speed of the propeller but the 
pitch must then be reduced, otherwise 
there uill be an overload on the motor- 
convertor equipment. 

Howwer should the shaft speed be 
kci-med with too high a value of pitch 
on the propeller then the torque im- 
posed on the motor, by the propeller, 
will increase until it reaches the rated 
torque condition for synchro-convertor 
supply, that is, 730 Wm. This is the 
maximum torque which the motor can 
develop in this mode and when it is 
reached there will be no further in- 
crease in motor speed but the motor will 
continue to operate safely. An increase 
in speed will be possible only if the 
propeller pitch is reduced. 

Safety features 
In normal automatic operation the Lips 
propeller control system will reduce the 
propeller pitch at the same time as it 
calls for an increase in shaft speed and 
there should be no danger of torque 
limit operation. 

The motor field current can be con- 
trolled while in the combinator mode, 
either to maximise the toque produced 
for a given value of converter current or 
to provide constant voltslcycle opera- 
tion of the motor. 

I In constant volts/cycle mode the field 

current is controlled eo that tbe voltage ' 
measured at the motor terminals varies 
linearly with speed and has a value 01 
1OkV at 161 rev/min or k5kV at 72 
rev/min. 

In this installation the motor is 
operated with the maximum possible 
field current at 72 rev/mio and at 
speeds up to approximately 120 d m i n  
when a constant volWcyde control is 
introduced. 

Safety 
When the drive is operating in the 
combinator mode it is possible to take 
advantage of the rapid control possible 
with convertors to provide some safety 
features. For example, by monitoring 
the frequency of the AC supply to the 
convertor it is possible to detect a diesel 
engine overload condition since this 
will result in a loss of speed and hence 
system frequency. By arranging for the 
convertor load to be reduced if the 
frequency falls below a preset lwel it is 
possible to avoid blackout conditions, 
provided that the connected diesel 
generators can supply the other loads 
remaining after the convertor load has 
been shed. 

Another overload protection feature a 
reduction in the overall current should 
any generator be subjeded to an ex- 
cessive current, caused possibly by an 
excess lagging load. This feature will 
avoid tripping a generator on over- 
current. 

When the motor is operating at maxi- 
mum power in combinator mode it has 
to be synchronised to the supply to 
obtain any higher powers. 

In free sailing mode the motor is 
synchronised to the busbars and 
operates at powers up to 44MU' per 
shaft, the actual level being dependent 
on the generators connected to the 
busbars. 

Since in free sailing mode the motors 
operate at a constant speed which is 
dictated by the supply frequency, and at 
MHz the motor speed is 144 rev/mi.,  
the power developed by the motor is 
determined by the propeller pitch. The 
pitch has therefore to be controlled so 
that there are no overloads on the 
propulsion machines, that is neither on 
the motors nor on any of the supply 
generators. 

The only control function that is 
available at the motor during synchron- 
ous running is motor field current and 
this is arranged so that the motor is 
operated at unity power factor. This 
reduces the machine losses, at powers 
below full load, compared with the 
alternative strategy of operating with 
the field current set to the level re- 
quired for unity power farnor at full 
load. a - r , ?  
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 3 

T i t l e :  Ship types and s h i p  systems - 2 

T a ~ e  Runnina Time: 33M 50' 

Reading Assignment : MSD pp 11-12 

A d d i t i o n a l  References: Recent a r t i c l e s  on s h i p  t ypes  taken  f rom t r a d e  
magazines 

Scope : 

(same as U n i t  2; 

Key Po in t s  t o  Emphasize: 

(same as U n i t  2) 

Suggested Probl  em Assignment: None 

(The i n s t r u c t o r  may w ish  t o  r e q u i r e  s tuden ts  t o  read assigned a r t i c l e s  i n  
t r a d e  magazines.) 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 4 

T i t l e :  Ship types  and s h i p  systems - 3 
Nomenclature - 1 

Tape Running Time: 36M 39' 

Reading Assignment : MSD, pp 13-15 

Addi t i ona1 References : None 

Scope : 

The t rea tmen t  o f  s h i p  types and s h i p  systems i s  concluded by a c l a s s i f i c a t i o n  
o f  t ypes  o f  commercial and naval sh ips  by t h e  cargoes they  ca r r y ,  t h e  m iss ions  
they  per form, and t h e  t ype  o f  suppor t  they  r e c e i v e  ( h y d r o s t a t i c ,  hydrodynamic, 
a e r o s t a t i c ) .  The f i r s t  o f  t h r e e  u n i t s  on n a u t i c a l  nomenclature begins i n  t h e  
l a s t  h a l f  o f  t h i s  u n i t  w i t h  a d i s c u s s i o n  o f  u n i t s  used i n  t h e  course, 
d i r e c t i o n s  on board sh ip ,  dimensions and markings. 

Kev P o i n t s  t o  Em~has ize :  

1. Review t h e  u n i t s  used i n  t h e  course. 

2. Review s h i p  dimensions - Lpp, LWL, LOA, midships symbol , beam, depth, 
d r a f t ,  d isplacement.  

3. Discuss we ight  , displacement and tonnage. 

4 .  Review l o a d  l i n e  marks and d r a f t  marks. 

5. Review b a l e  capac i t y  and g r a i n  capac i t y .  

Suggested P rob l  em Assi gnment : 

( A  "NOMENCLATURE CHECK-OFF LIST" i s  i n c l u d e d  j c t t  ahead o f  t h i s  page. The 
i n s t r u c t o r  may wish t o  use t h i s  f o r  h i s  own guidance i n  cover ing  nomenclature 
i t ems ,  o r  may even wish t o  d i s t r i b u t e  t o  s tuden ts  f o r  t h e i r  use.) 



BASIC NAVAL ARCHITECTURE 

NOMENCLATURE CHECK-OFF LIST 

long  t o n  
tonne 
n a u t i c a l  m i  1 e 
knot  ----- 
sh ip ,  vessel  , boat 

p o r t ,  s ta rboard  
forward,  a f t  
outboard, inboard  
a thwar t sh ips  
a b a f t  ----- 
midsh ips  symbol 

f o r e  perpendi c u l  a r  
a f t  pe rpend icu la r  

(merchant and navy) 

L~~ 
WL 

Loa ----- 
beam 
depth 
d r a f t  ----- 
anchor 's  aweigh 
d i  s p l  acement 
deadweight 
tonnage ----- 
P l  i m s a l l  Mark 
American Bureau o f ,  Shipping 
w i n t e r  1 oad 1 i ne 

d r a f t  marks ----- 
b a l e  capac i t y  
g r a i  n c a p a c i t y  

UNIT 5 

f o r e c a s t 1  e 
j a c k s t a f f  
un ion  j ack  

s t  em 
main deck 
scuppers 
f r e e i n g  p o r t  
bulwark 
supers t ruc tu re  
deck house 
t ruk  - (check) 
g a f f  
ensign 
f l a g s t a f f  
b i l g e  keel  
poop deck 
weather deck ----- 
main deck 
second deck 
p a r t i a l  deck 
p l  a t  form 
f o r e c a s t l e  
supers t ruc tu re  deck 
f a n t a i l  ----- 
bu l  k heads 
WT bulkheads 
NT bu l  kheads 
OT bulkheads 
forepeak bulkhead 
col! ; , - "  I on bu l  khead 
a f te rpeak bulkhead 
s t r e n g t h  bul  khead 
non-s t ruc tu ra l  bulkhead ----- 
forepeak tank 
i n n e r  bottom 
tank t o p  
f l a t  
a f te rpeak tank 
Navy deck numbering system 

01 deck 
02 deck, e t c .  ----- 

WT door 
wea the r t i gh t  door 
NT door 
j o i n e r  doors 
access hatches 
cargo hatches 



s c u t t l e  
manhole ----- 
dog 
qu ick  ac t i ng  door 
quick ac t i ng  s c u t t l e  
coami ng 

compartment 
ho ld  
passageway 
overhead 
c e i  1 i ng ----- 
ga l  l e y  
gangway 
quarterdeck 
1 adder 
s t a i  r w e l l  
companionway ----- 
booby hatch 
boot t op  
sea chest 
'tween deck 
head ----- 
p o r t  
dead1 i ght 
deadwood 
s keg ----- 
ground t a c k l e  
anchor ing 
mooring 
quay 
hawsepi pe 
chain p i pe  
chain  l ocke r  
b i t t e r  end 

o l d  fashioned anchor 
palm 
f l u k e  
b i l l  
Pea 
stock 
t h r o a t  
stock1 ess anchor 
mushroom anchor 
Danfor th  anchor - - - - - 
shot o f  chain 
f a t  horn 

bending shackle 
pe l i can  hook 
chain  stopper ----- 
w i  nd l  ass 
capstan 
w i  1 dcat ----- 
b i  tt 
chock 
b u l l  nose 
devi  1 's c l  aw ----- 
c l  eat 
open chock 
closed chock 
r o l l  e r  chock 
b o l l  a rd  
padeye 

UNIT 6 

r a d i a l  d a v i t  
fa1 1s 
monkey l i n e s  -.--- 
crescent d a v i t  
Welin g r a v i t y  d a v i t  ----- 
accommodation 1 adder 
Jacob's 1 adder ----- 
k i  ngpost 

bu r t on i  ng system 
yard-and-stay r i g  ----- 
hatch boom 
yard boom 
topping l i f t  
yard whip 
hatch whip 
outboard guy 
midship guy 
1 azy guy 
vang 
gooseneck 
9Y P SY 
cathead 

gant ry  
spreader 



stuckenmast system ----- 
dunnage 
s p a r r i n g  
1 WQ 
ba t tens  
c e i l i n g  
scant1 i n g s  
garboard s t r a k e  
sheer s t  rake  
"B" s t  rake  
f l a t  p l a t e  kee l  
cen te r  v e r t i c a l  kee l  
r i d e r p l  a t e  

g i  r d e r  
ha tch-s ide  g i r d e r  
CVK 
FPK 
beam ----- 
1  ong i  t u d i  na l  
s t r i n g e r  
s t r i n g e r  p l a t e  
margin p l a t e  ----- 
f 1  oor  
s o l  i d  f l o o r  
open f l o o r  
S 
1  i g h t e n i n g  ho le  
f 1  a t  bar  s t  i f f e n e r  
s i d e  g i  r d c r  
s t r u t  
reve rse  frame 

t r a n s v e r s e  f raming system 
l o n g i t u d i n a l  f raming system 
deep web frame 
ho ld  b racke t  
frame b racke t  
kee l  son 
s tanch ion ,  p i l l a r  
i n t e r c o s t a l  member 
1  imber h o l e  

stem 
r o l l e d  p l a t e  stem 
rabbet  
b r e a s t  hook 

s t e r n  frame 
shoe 
s t e r n p o s t  

p i  n t l  es 
gudgeons 



SHIP TYPES AND SHIP SYSTEHS 

MERCBANT SHIP TYPES BY TRADE 

1. DRY BULK TRADES 

IROM ORE CARRIERS 
COAL CARRIERS 
GRAIN CARRIERS 
BAUXITE AND PHOSPHATES CARRIERS 
FOREST PRODUCTS CARRIERS 
STEEL PRODUCTS CARRIERS 
OTHER TYPES: HAlGAWESE, IRON PYRITES, SALT, 
SULPBUR, GYPSUH, 6TC. 

2. LIQUID BULK TRADES 

CRUDE OIL TANKERS 
LIQUID PETROLEUM PRODUCT CARRIERS 
LIQU'IFIED NATURAL GAS AND PROPANE GAS 
CARRIERS 
LIQUIFIED CHEHICAL PRODUCT CARRIERS 

3. COHBINATIOM TYPES 

ORE/BULK/OIL (080) SHIPS 



SHIP TYPES AND SHIP SYSTEHS 

HERCHANT SHIP TYPES BY TRADE (CONfT) 

4. BREAK-BULK GENERAL CARGO SHIPS 

MANY HAIUFACTURED GOODS AND SEHI-FINISHED GOODS 
ARE STILL TRANSPORTED IN "BREAK-BULK" FORB; 
THAT IS EACH ITEH IS INDIVIDUALLY PACKAGED IN A 
CARTON, CRATE OR BALE AND HUST BE HANDLED 
SEPARATELY AS IT IS LOADED INTO THE SHIP, 
STOWED IN ITS EOLD,.TEEN OFF-LOADED AND 
DISCHARGED AT ITS DESTINATION. 

BREAK-BULK CARGOES TEND TO BE HIGH-VALUE 
CARGOES AND COHHAND HIGHER FREIGHT RATES. 
ALTHOUGH THE SLOW CARGO HANDLING RATE MAKES 
THIS TYPE OF SHIP INEFFICIENT COHPARED TO A 
CONTAINER SHIP, GENERAL CARGO SHIPS STILL 
PERFORH A USEFUL SERVICE IN TRANSPORTING 
DIVERSE TYPES OF CARGO TO PORTS NOT SERVED BY 
TEE LARGER CONTAINER SHIPS. 



SHIP TYPES &ID SHIP SYSTEHS 

MERCHANT SHIP TYPES BY TRADE (connr) 
5 ,  UNITIZED CARGO CARRIERS INCLUDE CONTAINER 

SHIPS, RO/RO VESSELS AND BARGE CARRIERS. 
UNITIZED CARGO CARRIERS REDUCE MUCH OF THE 
CARGO HANDLING TIHE AND PROBLEHS ASSOCIATED 
WITH BREAK-BULK GENERAL CARGO SHIPS AND HAVE 
REPLACED BREAK-BULK CARRIERS IN LINER SERVICE 
TO MAJOR PORTS. 

CONTAINER SHIPS HAVE BECOME COHHON SINCE THE 
ADVENT OF STANDARD SIZED CONTAINERS WHICH CAN 
BE UTILIZED INTERNATIONALLY. THE LARGER FASTER, 
CONTAINER SHIPS TEND TO SERVICE LARGER PORTS 
WITH ELABORATE PIERSIDE CONTAINER CRANES WHICH 
CAI LOAD AND OFF-LOAD CONTAINERS RELATIVELY 
QUICKLY. CONTAIIERS ARE STOWED IN THE HOLDS In 
COLUHNS OR "CELLS" SUPPORTED BY VERTICAL STEEL 
CELL GUIDES. ADDITIONAL CONTAINERS CAN BE 
STOWED ON DECK ON TOP OF THE HATCHES. 







SHIP TYPES AND SHIP SYSTEHS 

NAVAL SHIP SYSTEHS (CON'T) 

INDIVIDUAL SHIPS, FOR EXAMPLE, DESTROYERS AID 
FRIGATES, HAY BE REQUIRED TO OPERATE ON SINGLE-SHIP 
MISSIONS IN WHICH CASE TBEY HUST BE SELF-SUSTAINING 
FOR PERIODS UP TO 30 DAYS OR TBEY HAY BE REQUIRED 
TO PROVIDE AITI-SUBHARIIE, AITI-AIRCRAFT AND 
MISSILE DEFENSE SERVICES TO A BATTLE GROUP 
INCLUDING A HIX OF CRUISERS, AIRCRAFT CARRIERS AND 
BATTLESHIPS. 

AIRCRAFT CARRIERS AND BATTLESHIPS CAN OPERATE FOR 
EXTENDED PERIODS WITHOUT RE-SUPPLY AND CAN PROVIDE 
LIHITED RE-SUPPLY SUPPORT TO SHALLER SHIPS IN THEIR 
COHPANY. AIRCRAFT CARRIERS AND BATTLESHIPS ALHOST 
HEVER TRAVEL ALONE BUT ARE ACCOHPANIED BY DESTROYER 
AND/OR FRIGATE ESCORT SHIPS. 



















NOHENCLATURE 

SHIPS. VESSELS AND BOATS 

IT IS COHHOI USAGE TO REFER TO SHIPS AS "VESSELS", 

BUT, 

THE U.S. NAVY BAS TAKEN EXCEPTION TO THIS PRACTICE 
AID DISCOURAGES THE USE OF THE PHRASE "NAVAL 
VESSELS", THUS THERE ARE NAVAL SHIPS AND HERCHANT 
VESSELS. 

THERE IS NOT A CLEAR DISTINCTIOH BETWEEN "BOATS" AND 
"SHIPS", EXCEPT THAT, IN GENERAL, A BOAT HAY BE 
CARRIED ON A SHIP. THERE ARE A NUHBER OF EXCEPTIONS, 
E.G. SUBMARINES. 





NOMENCLATURE 

MIDSHIPS SYMBOL 

THE MIDSHIPS SYMBOL APPEARS ON SHIP DRAWINGS TO HARK 
AMIDSHIPS, HALFWAY BETWEEN THE FORE PERPENDICULAR AND 
APT PERPENDICULAR. 





NOMENCLATURE 

SHIP DIHENSIONS - BEAM. DEPTH. DRAFT 

BEAH - TEE HAXIHUH BREADTH OF THE SHIP. 

DEPTH - THE DISTANCE FROH THE BASELINE OF THE SHIP 
TO THE FREEBOARD DECK AT THE SIDE, 

DRAFT - THE DEPTH OF THE SHIP BELOW THE WATERLINE 
TO THE BASELINE, OR TO PARTS OF THE SHIP 
EXTENDING BELOW THE BASELINE, 

IOTE : MORE PRECISE DEFINITIONS WILL BE GIVEI IN 
UNIT 7. 







N O H E N C L A T U R E  

D R A F T  H A R K S  

D R A F T  H A R K S  A R E  F O U N D  A T  T H E  BOW A I D  S T E R N  O F  
H E R C H A N T  V E S S E L S ,  A S  N E A R  A S  P R A C T I C A L  T O  T H E  F O R E  
P E R P E N D I C U L A R  AND T H E  A F T  P E R P E H D I C U L A R .  T H E  B O T T O H  
O F  T H E  HARK I N D I C A T E S  T H E  D R A F T  I N  FEET T O  T H E  B O T T O M  
O F  T H E  K E E L  ( K E E L  D R A F T ) .  

NAVY S H I P S  H A V E  D R A F T  H A R K S  FORWARD,  A F T ,  AND 
A M I D S H I P S .  







BASIC NAVAL ARCHITECTURE 

U n i t  Number: 5 

T i t l e :  - Nomenclature - 2 

l ape  Running Time: 38M 38' 

Reading Assignment : None 

A d d i t i o n a l  References: The B l u e j a c k e t s '  Manual (BJM), B. Beardon and B. 
Wedertz, Ed., U.S. Naval I n s t i t u t e ,  1978, pp 199-219 

Seamanship, Fundamentals f o r  t h e  Deck O f f i c e r  (SFDO), 
1.0. Dodge and S.E. Ky r i ss .  Naval I n s t i t u t e  Press. 

SDC, pp 373-418, 717-728 
7 

Scope : 

Key P o i n t s  t o  Emphasize: 

1. Review graph ics  on v ideo tape  as necessary t o  p r o v i d e  c l a r i t y .  

2. G lossa r ies  i n  SFDO and SDC a r e  h e l p f u l .  

3. Add a d d i t i o n a l  i tems as des i red.  

Suggested Problem Assignment: None 



NOHENCLATURE 

PARTS OF A S B I P  

KEY WORDS: FORECASTLE, POOP, BULWARK, WEATBER DECK, 
FREEING PORTS, SCUPPERS, JACKSTAFF, 
FLAGSTAFF, GAFF 





NOHENCLATURE 

DECKS AND BULKHEADS 

K E Y  WORDS: M A I N  D E C K ,  F O R E C A S T L E  D E C K ,  P O O P  D E C K ,  
P L A T F O R I  D E C K S ,  F L A T S ,  C O L L I S I O N  
B U L K H E A D ,  F O R E P E A K  TANK, A F T E R  P E A K  TANK 







NOHENCLATURE 

DOORS, HATCHES, SCUTTLES AND HANBOLES 

DOORS ARE CLOSURES IN BULKHEADS 

- WATERTIGHT (UT) DOORS 

- VEATHERTIGHT DOORS 
- NONTIGHT DOORS 

I 

- JOIIVER DOORS 
HATCHES ARE CLOSURES IN DECKS 

- ACCESS HATCHES 
- CARGO BATCHES 



















NOHENCLATURE 

HORE PARTS OF A S H I P  (CON'T) 

PORT, PORTHOLE, PORTLIGHT, A I R  PORT: A HINGED GLASS 
WINDOW, GENERALLY CIRCULAR, I N  THE S H I P ' S  S I D E  OR 
DECK HOUSE FOR LIGHT AND VENTILATION. 

5 

DEADLIGBT, FIXED LIGHT: A PORT WHICH DOES NOT OPEN. 

DEADWOOD: ORIGINALLY, TEE SOLID WOOD STRUCTURE AT 
TEE STERN OF TEE S H I P  J U S T  ABOVE THE KEEL USED TO 
SUPPORT THE RUDDER POST. TODAY, THE SLENDER PORTION 
OF SINGLE SCREW S H I P  J U S T  FORWARD OF THE STERN FRAME 
AND ABOVE TEE KEEL. 

SKEG: A DEEP VERTICAL F I N L I K E  PROJECTION ON THE 
BOTTOH OF A S H I P  NEAR THE STERN. A SKEG I S  TREATED 
AS AN APPENDAGE TO THE S H I P ,  WHEREAS THE DEADWOOD I S  
PAIRED INTO THE HULL. 











NOMENCLATURE 

VERTICAL SHAFT WINDLASS 

- --- 

M c . 7  mum 
WlDMU 

( W l n o L a m m  -I 

rnlC1IO. en... 

( W l n o L a m m  -I 

KEY WORDS: WINDLASS, WILDCAT, CAPSTAN 





lOREDECK ARRANGERENT WIT1 VERTICAL SBAFT WINDLASSES 
CAPSTANS I 

Ftptrrr 6-12. R~ding and \lousing chain stopprrs arc m d c  up of a turnhucklc insrtied 
in a shoot section of chain, with a slip or pelican hook attached to one 
end of thr chain and a shocklc at thr other end .  



NOHENCLATURE 

HOORING FITTINGS 

IuI urn 

KEY WORDS: BOLLARD, CBOCK, B I T T S ,  CLEAT, PADEYE 





BASIC NAVAL ARCHITECTURE 

U n i t  Number: 6 

T i t l e :  Nomenclature - 3 

Tape Running Time: 36M 30' 

Reading Assi gnment : None 

A d d i t i o n a l  References: (same as U n i t  5 )  

(same as U n i t  5 )  

Key Po in t s  t o  Emphasize: 

1. Modern t r e n d  i s  t o  use more expensive cargo gear t o  move cargo f a s t e r  and 
reduce p o r t  t ime.  More t r u e  f o r  expensive sh ips  c a r r y i n g  more expensive 
cargoes. ?Less t r u e  f o r  o l d e r  sh ips  c a r r y i n g  cargoes of o p p o r t u n i t y  t o  
smal l e r  p o r t s  ( t ramps) ) .  Cons tan t l y  emphasize t h e  r o l e  of economics i n  
making design and equipment dec i s ions ,  

2 .  S t r u c t u r a l  nomenclature i tems w i l l  appear again i n  U n i t  37. 

3. Emphasize nomenclature i tems o r  usage t h a t  i s  p a r t i c u l a r l y  r e l e v a n t  t o  
sponsor ing o rgan iza t i on .  

4 .  C o r r e c t i o n  t o  t ape  n a r r a t i o n :  s t e r n  c a s t i n g  w i l l  be cas t  s t e e l ,  no t  cas t  
i ron, 

Suggested Problem Assignment : None 









NOKENCLATURE 

ACCOHODATION LADDER AND J A C O B ' S  LADDER 







NOHEICLA'PURE 

CARGO B A I D L I N G  ' GEAR 

KEY WORDS: K I I G P O S T ,  B A T C B  BOOH, YARD BOOM, Y B I P ,  
G U Y ,  F A I R L E A D ,  T O P P I N G  L I F T  



NOHENCLATURE 

CARGO H A N D L I N G  GEAR 

TOPPING LlFT SLOCK 

TOf'PlNG LIFT TOPPING LlFT 

HATCH BOOM 

OUTBOARDGUY 

HEEL BLOCK 

KEY WORDS: T O P P I N G  L I F T ,  HATCH Y B I P ,  YARD W H I P ,  
C R O S S T R E E ,  G Y P S Y ,  G O O S E l E C K  



STRUCTURAL TERIINOLOGY 

SHELL PLATING: 

STRIKES OF SHELL PLATING ARE DESIGNATED WITH LETTERS, 
STARTING WITH "A" AS THE FIRST STRAKE OUTBOARD OF TEE 
FLAT PLATE KEEL. CERTAIN STRAKES HAVE SPECIAL NAIES 
-- GARBOARD STRAKE, BILGE STRAKE, AND SBEER STRAKE. 

M P L A T I N O  

R D I N A R Y  F R A M E  
wEe FRAME 

L A 1  P L A T E  KEEL 

A R B O A R D  S T R A K E  



ROHENCLATURE 

STRUCTURAL TERMINOLOGY 

LONGITUDINALS ARE THE LONGITUDINAL STIFFNERS USED IN 
THE LONGITUDINAL FRAMING SYSTEM TO SUPPORT DECKS, 
FLATS, INNER BOTTOW, BOTTOM AND SIDE SHELL. 

STRINGERS ARE LONGITUDINAL MEMBERS USED TO SUPPORT 
THE SIDE SHELL FRAMES AND PLATING. THE TERM IS 
USUALLY USED IN CONNECTION WITH TRANSVERSE SIDE 
FRAMING. 

THE STRINGER PLATE IS THE OUTBOARD STRAKE OF PLATING 
ON ANY DECK. 

THE HARGIN PLATE IS THE OUTBOARD STRAKE OF PLATING IN 
THE INNER BOTTOM. 



HOHENCLATURE 

STRUCTURAL TERMINOLOGY 

GIRDERS ARE MAIN LONGITUDINAL MEMBERS WHICH SUPPORT 
DECK BEAHS, DECK STRUCTURE AND BOTTOH. 

HATCH-SIDE GIRDERS FORM THE LONGITUDINAL BOUNDARIES 
OF HATCHES, 

SIDE GIRDERS RUN LONGITUDINALLY IN THE INNER BOTTOH, 

THE CENTER VERTICAL KEEL (CVK) IS ALSO KNOWN AS TEE 
CENTER GIRDER, THE BOTTOM FLANGE OF THE CVK IS OFTEN 
HEAVIER THAN ADJACENT BOTTOH PLATING AND IS CALLED 
THE FLAT PLAT KEEL (FPK) 

BEAMS ARE TRANSVERSE STRUCTURAL HEMBERS WHICH SUPPORT 
AND STIFFEN DECK PLATING 

5.- 
\ >> 



SOLID FLOORS ARE MADE UP OF VERTICAL PLATES (WHICH 
ARE ONLY "SOLID" IF THE FLOOR IS A WT OR AN OT 
BOUNDARY) . 

S ID€ 
GIRDER 

MARGIN PLATE 

(e) SOLID FLOOR 
HORlZONTAL M A R G I N  

I B TANK TOP -.- 

OPEN FLOORS UTILIZE STRUTS FOR VERTICAL MEMBERS 

- 
A - 

6RACKET MARGIN PLATE . 

MAR GI W 

rFb 
e. 

$ 4 





NOIENCLATURE 

FRAHING SYSTEHS 

TRANSVERSE FRAHING SYSTEH 

TRANSVERSE HEHBERS INCLUDING 

FLOORS 

SIDE FRAHES 

BEAHS 

ARE CLOSELY SPACED (24" TO 36") 

LONGITUDINAL MEMBERS INCLUDING SIDE STRINGERS AND 
LONGITUDINAL GIRDERS IN BOTTOM AND DECKS ARE WIDELY 
SPACED 





NOMENCLATURE 

LONGITUDINAL VESUS TRANSVERSE FRAMING 

o LONGITUDINAL FRAMING IS MORE EFFICIENT 
STRUCTURALLY. BUT- 

o FOR SHIPS WHICH CARRY BREAK-BULK, ROJRO, OR 
CONTAINER CARGOES THE DEEP WEBS WHICH ARE USED 
WITH THE LONGITUDINAL FRAMING SYSTEMS INTERFERE 
WITH CARGO STOWAGE, 

o DEEP WEBS ARE NO PROBLEM FOR LIQUID CARGOES AND 
BULK CARGOES, FOR THIS REASON TANKERS AND BULK 
CARRIERS ARE LONGITINALLY FRAMED. 

o COMBINATION FRAMING IS OFTEN USED, LONGITUDINAL 
FRAMING IN INNER BOTTOM AND DECKS - TRANSVERSE 
FRAMING IN SIDE SHELL. 





SINGLE BOTTOM CONSTRUCTION (SMALLER SHIPS) 

RIDER PLATE OF 
SIDE FRAME SIDE KEELS 

STANCH10 

S ~ E L L  PLATING INTERCOSTAL PLATE 
OF SIDE KEELSON 

FLAT KEEL 

' INTERCOSTAL PLATE 
OF CENTER KEELSON 



BOW STRUCTURE 

SECTION AT '0' 





NOHENCLATURE 

STRUCTURAL TERMINOLOGY 

A KEELSON IS A LONGITUDINAL GIRDER IN SINGLE BOTTOM 
CONSTRUCTION. THE CENTER KEELSON CORRESPONDS TO THE 
CVK . 
SIDE KEELSONS CORRESPOND TO SIDE GIRDERS. 

A RIDER PLATE IS A CONTINUOUS FLAT PLATE ATTACHED TO 
THE TOP (OR BOTTOM) OF A KEELSON OR A GIRDER 

THE BILGE STRAKE IS THE STRAKE OF SHELL PLATING AT 
THE TURN OF THE BILGE. 

THE SHEER STRAKE IS THE STRAKE OF SHELL PLATING WHOSE 
UPPER EDGE RUNS AT THE STRENGTH DECK LEVEL 





BASIC NAVAL ARCHITECTI!RE 

U n i t  Number: 7 

T i t l e :  Dimension, form and f l o t a t i o n  - 1 

Tape Running Time: ~7~ 4pS 

Reading Assignment: MSD, pp 21-27 

A d d i t i o n a l  References: PNA, pp 3-11, 42-44 

SDC, pp 278-280 

Scope : 

The method o f  d e l i n e a t i n g  a s h i p ' s  h u l l  form i s  i n t roduced  t o g e t h e r  w i t h  
d e f i n i t i o n s  o f  t h e  dimensions used t o  d e f i n e  t h e  h u l l  form. Fonn c o e f f i c i e n t s  
a r e  in t roduced.  

Key Po in t s  t o  Emphasize: 

1. Make t ransparency  f rom MSD, F i g  2-1, pp 22, and use t o  rev iew v ideo  and 
d e f i n e  re1 a t i o n s h i p s  between t h e  t h r e e  o r thog raph ic  views o f  t h e  s h i p ' s  
1 ines.  

2. Emphasize r e l a t i o n  o f  molded l i n e s  t o  s t r u c t u r e  and t h e  r e l a t i o n  o f  
"d isplacement"  t o  "molded displacement" .  Good i l l u s t r a t i o n  i n  SDC, F i g  3, 
pp 279. 

3. Emphasize d e f i n i t i o n s  o f  l i g h t  s h i p  weight, deadweight, d isplacement and 
tonnage. 

4.  Def ine  form c o e f f i c i e n t s  i n  p r e p a r a t i o n  f o r  example i n  U n i t  8. 

Suggested Problem Assignment: None 





















FREEBOARD 

I 
MOLDED 1 DESIQNERS WATERLINE - _ _ - _ _  __ _ _  _ . _ _  

i +- ONE HALF O F  
MOLDED BREADTH 

DRAFT 





UNITS OF WEIGHT AND DISPLACEMENT 

U.S. MARINE PRACTICE: 

1 LONG TON = 2240 LBS 

OTHER UNITS: 

1 SHORT TON = 2000 LBS 

1 METRIC TON = 1 TONNE 

= 1000 KILOGRAMS 

= 2205 LBS 







CONSTANTS YOU SHOULD KNOW 

SPECIFIC VOLUME OF FRESH WATER 

F T ~  
3 5 0 9  TON 

WHICH IS SOMETIMES ROUNDED OFF TO: 

36 F T ~  
TON 















7- a'? 









BAS I C NAVAL ARCH I TECTURE 

U n i t  Number: 8 

T i t l e :  - Dimension, form and f l o t a t i o n  - 2 

Tape Running Time: 34M 15s 

Readi ng Assi gnment : MSD, pp 27-37 

A d d i t i o n a l  References: PNA, pp 54-59, 70-73 

Scope : 

The purpose and use of form c o e f f i c i e n t s  i s  exp la ined by example. Centers o f  
buoyancy and g r a v i t y ,  metacenter, GY, cen te r  o f  f l o t a t i o n  are def ined.  The 
concept  o f  moments i s  i n t roduced  and an example i s  given. 

Key Po in t s  t o  Emphasize: 

1. There i s  a g rea t  deal o f  fundamental m a t e r i a l  i n  t h i s  u n i t  which should be 
reviewed and emphasized. 

2. Review d e f i n i t i o n s  of fo rm c o e f f i c i e n t s  and go over  example g iven i n  
video. 

3. Exp la in  t h e  p h y s i c a l  concepts of c e n t e r  o f  g r a v i t y  and c e n t e r  o f  
buoyancy. S t ress  a1 ignment of forces i n  a t - r e s t  c o n d i t i o n .  

4. E x p l a i n  t h e  concept of a c e n t r o i d ,  p e r h a ~ s  w i t h  a cardboard cu t -ou t  o f  a 
waterplane.  Emphasize d e f i n i t i o n  of LCF and t h e  f a c t  t h a t  t h i s  i s  t h e  
c e n t e r  about which t h e  s h i p  t r i m s .  

5. Review t h e  d e f i n i t i o n  of t h e  metacenter  and GM. Emphasize smal l  angle 
1 i m i t a t i o n s .  

6. E x p l a i n  t h e  concept o f  moments. Go over t h e  example. Emphasize t a b u l a r  
format. 

Suggested Problem Assignment: 1, 2 o r  3, 4 o r  5 





EXAMPLE (CON'T) 

FROM A STUDY OF OTHER SUCCESSFUL 

PRODUCTS CARRIERS THE NAVAL ARCHITECT 

DETERMINES THE FOLLOWING RATIOS AND 

COEFFICIENTS ARE APPROPRIATE- 







EXAMPLE (CON'T) 

SOLUTION 















IMPORTANT FACT 

A SHIP TRIMS ABOUT A TRANSVERSE AXIS 

THROUGH THE CENTER OF FLOTATION. 



























P A S  IC KAVAL ARCHITF- 

eroblem_3. 

Problem I evel :  Bes i c  

Celculate t h e  Midship Section Coeff l c l e n t  o f  the  sections shown below: 



A naval architect developlng the concept deslgn of a moblllzatlon shlp decldes 
on the following dlmenslons, proportlons and coefficients for his lnitlal 
deslgn: 

Calculate: a) Beam, 0 

b )  Draft, T 

C )  Block Coefficient. Cb 

d )  Displacement volumer v 
e )  Displacement, salt water, A 
f )  Ares o f  ~lldsectlon, ri, 

9 1  Displacement-length ratio 



A proposed shlp deslgn has the fol low1 ng geometrical charactertst lcs:  

Loa = 640'-On 

Lw1 = 620'-On 

Calculate: a )  Displacement I n  s a l t  water, A 
b )  C l s p l a c m n t  I n  fresh r a t e r .  A f, 
C) Block coeff lc lent .  Cb 

d )  Mldship Sectlon Coeff lc lent ,  C, 

e )  Prlsmatlc Coeff lc lent .  Cp 

f )  Waterplane Coeff lc lent ,  Cyp 

g )  Length-beam ra t lo .  !.pplB 

h)  Length-draft r a t  lo. Lpp/T 

i ) Beam-draft ra t lo .  B/T 

J ) Volumetric coefficient, V/L 3 
PP 

k)  isp placement-length r a t 1 o . A  / ( L ~ ~ / ~ o @ ) ~  



P-: Basic 

The c o e f f i c i e n t s  and r a t i o s  o f  a  t y p i c a l  harbor t u g  are shown i n  m, Table 
2-1 (pp 33) and are repeated below: 

(No te  t h a t  t h e s e  v a l u e s  r e p r e s e n t  an average. In p r a c t i c e  t h e r e  may be 
considerable va r i a t i on .  

Using these r a t i o s  f o r  a  proposed t ug  design which has L = 85.0 ft., f i nd :  P P 

B 

T  

( s a l t  water) 

,, ( f r e s h  water & 36 f t 3 / t o n )  

Am 

Volumetr ic Ra t io  

Displacement-Length Ra t i o  



I n  developing the Concept Design of a cargo shlp a naval a t c h l t e c t  s t a r t s  w i t h  
the fo l l ow lng  parameters f o r  the f u l l  load condlt lon: 

F i n d  t h e  r e q u i r e d  L o f  t h e  s h i p  ( t o  t h e  neares t  f oo t ) ,  t h e  M idsh ip  S e c t i o n  
Area ( t o  the neares?tquare foo t ) ,  $, and the Displacement-Length Ratio. 
To check whether these dimensions and coe f f i c i en ts  w l l l  provide adequate i n t a c t  
s t a b i l i t y  a t  f u l l  l o a d  t h e  naval a r c h i t e c t  makes f u r t h e r  e s t i m a t e s  o f  t h e  
f o l  low1 ng parameters: 

Find: 

A l l  dimensions above are molded dimensions. 
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BASIC NAVAL ARCHITECTURE 

Un i t  Number: 9 

T i t l e :  Dimension, form and f l o t a t i o n  - 3 

Tape Running Time: ~7~ 35' 

Reading Assignment : MSD, pp 37-41 

Add i t i ona l  References: PNA, pp 10-11, 20-39 ( d e f i n i t i o n s  o n l y )  

Scope : 

Archimedes' P r i n c i p l e  i s  in t roduced and explained. Hydros ta t i c  parameters are 
def ined. Curves o f  Form are introduced. 

Key Poin ts  t o  Emphasize: 

1. Exp la in  Archimedes' P r i n c i p l e  w i t h  phys ica l  s ign i f i cance .  See PNA, pp 10. 

2. L i s t  the  var ious hyd ros ta t i c  parameters, i tems 1-16 on DD 692. 
Di  sp l  acement and o ther  curves, and exp la i n  t h e i  r purpose. 

3. D isp lay the Curves o f  Form furn ished w i t h  course. Show FFG-7 Bonjean's 
Curves. 

4. Go over change o f  d r a f t  example i n  MSD, pp 38-39. 

Suggested Problem Assignment: 6 o r  7, one o f  10, 11 o r  12 



0 
c7 
Err 

Err 
0 



I M P O R T A N T  F A C T  

WHEN A SHIP I S  F L O A T I N G  A T  R E S T ,  T H E  

UPWARD BUOYANT F O R C E  AND T H E  DOWNWARD 

WEIGHT F O R C E  W I L L  ALWAYS B E  I N  THE SAME 

V E R T I C A L  L I N E .  









CURVES OF FORM (CON'T) 

DISPLACEMENT CURVE 

a ALWAYS PRESENTED FOR SALT WATER 

a SOMETIMES PRESENTED FOR FRESH WATER 

(35.9 OR 36 F T ~ I T O N )  
l 

a IF NOT OTHERWISE DESIGNATED INCLUDES 

SHELL PLATING AND APPENDAGES 

a MOLDED DISPLACEMENT IS SOMETIMES 

PRESENTED 



CURVES OF FORM (CON'T) 

DISPLACEMENT CURVE: 

IF ONLY DISPLACEMENT IN SALT WATER 

IS GIVEN, TO FIND DISPLACEMENT IN 

FRESH WATER AT THE SAME DRAFT, 

MULTIPLY BY 35/35.9 



CURVES OF FORM (CON'T) 

DISPLACEMENT IS ALWAYS GIVEN IN LONG 

TONS ( 2 2 4 0  L B S )  

( F O R E I G N  S H I P S  WILL BE IN METRIC 

TONS ( 2 2 0 5  L B S ) )  



CURVES OF FORM (CON'T) 

TO USE DISPLACEMENT CURVE: 

a ENTER WITH MEAN D R A F T  ( A V E R A G E  OF 

DRAFT FWD AND DRAFT AFT) 

READ DISPLACEMENT ON DISPLACEMENT 
SCALE 



C U R V E S  O F  FORM ( C O N ' T )  

T O N S  P E R  I N C H  I M M E R S I O N  ( T P I )  

a T P I  I S  T H E  W E I G H T  WHICH WHEN A D D E D  

( O R  R E M O V E D )  W I L L  C A U S E  O N E  I N C H  

I N C R E A S E  ( O R  D E C R E A S E )  I N  MEAN D R A F T  

M U S T  B E  A D D E D  ( O R  R E M O V E D )  A T  T H E  

C E N T E R  OF F L O T A T I O N  F O R  P A R A L L E L  

S I N K A G E .  A T  O T H E R  L O C A T I O N S  T H E  

C H A N G E  I N  D R A F T  W I L L  N O T  B E  T H E  

S A M E .  





CURVES OF FORM ( C O N ' T )  

CHANGE I N  DRAFTS WHEN P A S S I N G  FROM SALT 

WATER TO FRESH WATER: ( S E E  MODERN S H I P  

D E S I G N ,  pp 38 -39  FOR D E R I V A T I O N )  

FROM S A L T  WATER TO FRESH WATER S H I P  

S I N K S  D E E P E R ,  DRAFTS I N C R E A S E .  

DRAFT I N C R E A S E  = d 
3 5  T P I  





CURVES OF FORM (CON'T) 

VERTICAL CENTER OF BUOYANCY (KB, VCB) 

a HEIGHT OF CENTER OF BUOYANCY ABOVE 

BOTTOM OF KEEL (KB) OR ABOVE MOLDED 

BASELINE (VCB) 

a FOUND FROM ORIGINAL INTEGRATION OF 

OFFSETS. 











CURVES OF FORM (CON'T) 

MOMENT TO TRIM ONE INCH (MTI) 

THE MOMENT IN FOOT-TONS WHICH WILL 

CAUSE A CHANGE OF TRIM OF ONE INCH. 

TRIM IS THE DIFFERENCE IN DRAFTS, 

FORWARD AND AFT, FOR EXAMPLE: 

Tf 
= 19' - 0" 

T = 18' - 6" 
TRIM = t = 6" DOWN BY THE BOW 

IF A BOW-DOWN MOMENT WERE APPLIED 

TO CHANGE TRIM ONE INCH THE TRIM 

WOULD INCREASE FROM 6" TO 7". 











CURVES OF FORM (CON'T) 

SIGN OF CORRECTION 

LCF 

AFT 

FWD 

AFT 

FWD 

TRIM 

AFT 

FWD 

FWD 

AFT 







Problem 6 

Problem I evel :  Basic 

- Aft Midships Fwd - 
Find t h e  LCG o f  t h e  system o f  weights shown above and tabu la ted  below. Use a  
t a b u l a r  format f o r  your ca lcu la t ion .  

m j ocation,  ft, F o r  A 

1 100 250.00 F 



Problem 7 

Problem Level: Basic 

Find the LCG and the VCG o f  the system o f  welghts tabulated below. Use a 
tabular format for  your calculation. 

Long 1 1 
lJxmmdi 

220.00 F 

200.00 F 

150.00 F 

22.00 F 

46.00 A 

61.00 A 

183.50 A 

206.00 A 

Vertlcal u 



Problem Level: Baslc 

A PD-214-type container ship displaces 29.800 tons i n  s a l t  water a t  35 f t 3 / t o n  
a t  a mean d r a f t  o f  301-OI1. Find the  mean d r a f t  i n  f resh  water o f  36 f t 3 / t o n  i f  
there  I s  no change I n  welghts on board. Tons per  Inch Immersion a t  the  30'-0" 
d r a f t  i s  95.8 tons/ ln.  



BAS I C NAVAL AR ITE CTURE 

Problem 11 

Problem Level : Basic 

3 An amphibious supply ship is moored i n  f r e sh  water (35.9 f t  / ton)  a t  a mean 
d r a f t  of 24'-0". A t  t h i s  d ra f t  the displaceme t is  found t o  be 15,500 long 

3 
9 tons and the area of the waterplane is 27,700 f t  . The ship gets  underway and 

proceeds t o  a shipyard i n  s a l t  water (35.0 f t  / ton).  While underway she burns 
200 tons of fue l  o i l .  Find the mean d r a f t  upon a r r i v a l  a t  the shipyard. 



ELQmLu 

Problem I evel :  Intermediate 

A ship f l o a t s  a t  d r a f t ,  To, i n  r i v e r  water o f  denslty 63 1b / f t5 .  When f l o a t i n g  
i n  s e a w a t e r  (35  f t 3 / t o n ) ,  a w e i g h t  o f  175 t o n s  must be added t o  have t h e  s h i p  
f l o a t  a t  To. What i s  t h e  ship's displacement a f t e r  the  weight addf t lon? 





'PC ioc 
- - a  

- 0 .  = = I-- 
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FIND LC& AND VCG - ? G I L L ~ M  P330 



*-- I.. 

2' - - 
?? - 

hi3 FT = \.Om %/2 F.W. 
'I= gii FT32y 









BASIC NAVAL ARCHITECTURE 

U n i t  Number: 10 

T i t l e :  Dimension, form and f l o t a t i o n  - 4 

Tape Running Time: 42M 30' 

Reading Assignment: MSD, pp 322-328 

A d d i t i o n a l  References: PNA, pp 11-13 

Scope : 

The g raph ica l  s i g n i f i c a n c e  o f  t h e  mathematical processes o f  d i f f e r e n t i a t i o n  
and i n t e g r a t i o n  a re  expla ined.  Numerical i n t e g r a t i o n  us ing  t h e  Trapezoidal  
Rule and Simpson's Rule i s  int roduced.  Examples o f  t h e  c a l c u l a t i o n  o f  
displacement from t h e  area under a Sect iona l  Area Curve a re  given. 

Key Po in ts  t o  Emphasize: 

1. Th is  i s  a l ong  u n i t  cover ing  a great  deal o f  m a t e r i a l .  Depending on t h e  
emphasis t h e  i n s t r u c t o r  wishes t o  g i v e  t o  t h e  sub jec t  he may wish t o  
e i t h e r  extend t h e  l e n g t h  of t h e  c l a s s  per iod ,  o r  devote an e x t r a  p e r i o d  t o  
t h e  sub jec t ,  i f  necessary, a t  t h e  expense o f  a f u t u r e  u n i t .  

2 .  Emphasize o n l y  t h e  g raph ica l  i n t e r p r e t a t i o n  of d i f f e r e n t i a t i o n  and 
i n t e g r a t i o n - s l o p e s  and areas. Student should be ab le  t o  recognize a 
d e r i v a t i v e  and an i n t e g r a l  s ign  when he sees these syumbols i n  t h e  t e x t ,  
bu t  i t  i s  no t  necessary t h a t  he understand t h e  processes i n  an a n a l y t i c a l  
sense. 

3, Go over t h e  Trapezoidal  Rule, s e l e c t i o n  o f  i n t e r v a l s  and mu l t i p !  '21.s and 
f o r m a t t i n g  o f  a c a l c u l a t i o n  i n  t a b i t l a r  form. 

4.  Same f o r  Simpson's Rule. 

5, Emphasize meaning o f  area under t h e  Sect iona l  Area Curve. 

6 .  Review examples. 

Suggested Problem Assignment: One o r  two o f  13, 14, 15 



DIFFERENTIATION 

DIFFERENTIATION IS A PROCESS OF 

DIFFERENTIAL CALCULUS 

CONSIDER A MATHEMATICAL FUNCTION 

SLOPE = d 4  
dx 

- - RISE 
RUN 



DIFFERENTIATION - (CON'T) 

FINDING THE DERIVATIVE, e, OF A 
dx 

MATHEMATICAL FUNCTION CORRESPONDS TO 

FINDING THE SLaOPE OF THE CURVE 

THERE IS A DEFINITE SET OF RULES FOR 

FINDING THE DERIVATIVES OF MATHEMATICAL 

FUNCTIONS. 

FOR EXAMPLE: 



DIFFERENTIATION (CON'T) 

EXAMPLE : 

x2 FOR THE FUNCTION, y = - 
2 

FOLLOWING THE RULES GIVES: 

d l  AT THE POINT X = 2, d, = 2 

WHICH MEANS THAT AT THIS POINT THE 

SLOPE OF THE CURVE IS: 

SLOPE d l  - RISE -- 
dx RUN 



DIFFERENTIATION (CON'T) 

RISE 
SLOPE = RUN 

TANGEN 
CURVE 
x = 2 ,  

U N I T  









INTEGRATION -- (CON'T) 

GRAPH OF THE FUNCTION y = x: 

UNDER y=x 

x=2 to x=4, 

6 







T R A P E Z O I D A L  -- - -- R U L E  

R E F :  A P P E N D I X  B ,  MODERN -- S H I P  D E S I G N  -- -- 

T H E  AREA OF A  TRAPEZOID I S :  

1 AREA = h L i  yo + - y  
2 1 1 



TRAPEZOIDAL RULE (CON'T) 

CONSIDER SEVERAL TRAPEZOIDS 

F O R  CONSTANT STATION SPACING, h :  

AREA = 1 + - 1 + ( 2  Y1 1 
Y1) 

+ 
2 2 Y2> 

AREA - h 
+ Y1 + Y2 + Y 3  

1 + - 
2 Y u  I 







TRAPEZOIDAL RULE ICON'T) 

HOW TO DO HALF STATIONS: 

1  
a- 
1 1  
a-a 

MULTIPLIERS NOW CHANGE TO: 



S I M P S O N ' S  ( F I R S T )  RULE .--- 

REFERENCE:  A P P E N D I X  B O F  MODERN -- - S H I P  - --- 

D E S I G N  

THE AREA UNDER A SECOND ORDER 

( P A R A B O L I C )  CURVE I S :  

NOTE : 
Y - Y Y 

THREE O R D I N A T E S  o 1 3 

AREA = 3 IYo + 4 y  J. + Y  I 

MULTIPLIERS: 
3 4 ,  
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BASIC NAVAL ARCHITECTURE 

Problem 13 

Problem Level  : Basic 

The ha l f -b read ths  o f  a t ransom-stern s h i p  are  t a b u l a t e d  below. There are  
e leven s t a t i o n s  spaced 25.50 f t  apar t .  The w a t e r l i n e  s t a r t s  a t  S t a t i o n  0 and 
te rm ina tes  a t  S t a t i o n  10. 

( a )  The o f f s e t s  a re  g i ven  i n  feet- inches-eighths.  Convert t h e  o f f s e t s  
t o  f e e t  i n  decimal form. 

( b )  Use t h e  a t tached t a b u l a r  form t o  computer and LCF. The Simpson's 
Rule m u l t i p l i e r s  a re  shown on t h e  form. No "r e t h a t  s i n c e  t h e  o f f s e t s  
a r e  g i ven  i n  ha l f -b read ths ,  i t  i s  necessary t o  m u l t i p l y  t h e  area and 
t h e  moment by 2 as shown i n  t h e  computation a t  t h e  bot tom o f  t h e  
form. 

Hal f -breadt  h 



- 
r o l d  o f  Waterplbllf:  (LCFl 

S 2 
Moment o f  Waterplane about = 2 x f (M)  x - = 

f (11) 
Centro id  o f  k'aterplane about - - - x s =  

f ( A )  

Lever 
A r m  

(Stations) 

S 

4 

3 

2 

1 

0 

1 

2 

3 

4 

5 

S t a t l o n  

FP 0 

1 

2 

3 

4 

5 

6 

7 

- .- 

8 

9 

AP 10 

Functions 
o f  Long' l  

Mow n t  - 
F - 
F - 
F 

F 

F 

Sum F 

A 
- -..-A 

A 

A 

A 
. , 

A 

Hal f -  
Breadth 

Simpson1 s 
Mul t .  

1 

4 

2 

4 

2 

4 

2 

4 

2 

4 

1 

Sum. A 

Functions 
o f  Hal f -  
Breadths 

f(A) = d I 

f (F ' )  = 

Sum F 

F o r  A 
i 

S t a t i o n  Spaclng = s = 

s 
T o t a l  Area (both sides) = 2 x f ( A )  x - = 



BASIC NAVAL ARCHITECTURE 

Problem 14 

Problem Level : Basic 

From Bonjean's Qrves f o r  the FFG7-Class f r i g a t e ,  t abula te  the Sectional Areas 
fo r  a l l  20 s t a t i ons  below the 14'-0" WL. 

On 8-112" x 11" graph paper plot  the Sect ional  Area Qrve (Curve of Areas). 
Use a or izonta l  sca le  of 1 s t a t i o n  = 112 inch and a v e r t i c a l  sca le  of 1" = B 100 f t  . 
Prepare a tabular  ca lcu la t ion  sheet and using Simpson's Rule ca lcu la te  the 
Displacement (s.w.) and LCB (without appendages) a t  t h i s  water l ine.  

Compare the values you have obtained with the values of displacement and LCB 
obtained from the Curves of Form. How do you account f o r  the d i f fe rence?  



Problem Level  : Basic 

A c lean  b a l l a s t  tank on a PD-214-Type con ta iner  sh ip  encloses t he  waterplane 
areas tabu la ted  below: 

Height Tank 
above & W.P. Area -------- --------- 

Bottom o f  Tank 1.00 0.0 

Top o f  Tank 7.00 101.7 

Use t h e  Trapezoidal  Rule t o  c a l c u l a t e  t h e  molded capac i t y  o f  t h e  tank: 

( a )  i n  f t 3  

( b )  i n  long tons 

( c )  i n  ga l l ons  





s I T o t a l  Area ( b o t h  sides)  = 2 x f ( A )  x - = 

S t a t  ton 

FP 0 

1 

2 

3 

4 

5 

6 

7 

I I,!onent o f  Faterplane about = 2 x f ( K )  x - = 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 11 

T i t l e :  - The s h i p  a t  r e s t  - s t a t i c  s t a b i l i t y  - 1 

Tape Running Time: 32M 4oS 

Reading Assignment : MSD, pp 51-58 

A d d i t i o n a l  References: PNA, pp 54-59, 70-73 ( repeated)  

Scope : 

Ths concepts of s tab le ,  n e u t r a l ,  and u n s t a b l e  e q u i l i b r i u m  a r e  i n t roduced  and 
r e l a t e d  t o  t h e  p o s i t i o n s  o f  CT and Me Small i n c l i n a t i o n s  due t o  t r a n s v e r s e  
s h i f t  o f  weight  on board a r e  discussed. I n i t i a l  s t a b i l i t y  i s  de f ined.  
S t a b i l i t y  a t  l a r g e  angle, t h e  r i g h t i n g  arm 62 and t h e  S t a t i c  S t a b i l i t y  Curve 
i s  in t roduced.  Formula f o r  BM i s  in t roduced.  Moment o f  I n e r t i a  i s  discussed. 

Kev Po in ts  t o  Em~has ize :  

1. Emphasize t h a t  when t h e  v e r t i c a l  g r a v i t a t i o n a l  and buoyant fo rces  a re  n o t  
i n  a v e r t i c a l  l i n e  t h e  s h i p  i s  n o t  i n  e q u i l i b r i u m  and w i l l  t end  t o  r i g h t  
o r  upset. 62 i s  a measure o f  t h e  separa t ion .  

2. D i s t i n g u i s h  between t h e  cases o f  t h e  s h i p  i n c l i n e d  due t o  e x t e r n a l  f o r c e s  
and t h e  s h i p  i n c l i n e d  due t o  t h e  s h i f t  o f  t ransve rse  weight  on board. 

3. Emphasize t h e  e f f e c t  o f  a s h i f t  o f  weight  on board on s h i p ' s  cen te r  o f  
g r a v i t y .  

w l  
4. Emphasize fo rmula :  GIG2 = 6- = GM t a n  0 

5. E x p l a i n  moment o f  i n e r t i a  and formulas  f o r  r e c t a n g u l a r  area. 

6. Expl a i n  BM = ID and go over  example. 

Suggested Problem Assignment: 8 o r  9, one of 16, 17 o r  18, one o f  23, 24, 25 









STATIC STABILITY (CON'T) 

UNSTABLE EQUILIBRIUM 

UPSETTING MOMENT AC.TS TO INCREASE THE 
ANGLE OF HEEL. GH IS NEGATIVE 



STATIC STABILITY (CON'T) 

INCLINED EQUILIBRIUM 

SHIFT OF WEIGHT, w, .  THRU D-ISTANCE, 
t, CAUSES SHIFT IN CG FROM G TO GI 

GM IS STILL MEASURED ON THE 
CENTERLINE 







STATIC STABILITY (CON'T) 

RIGHTING ARM, GZ 

THE HORIZONTAL SEPARATION BETWEEN 
THE WEIGHT FORCE AND THE BUOYANT 
FORCE IS THE RIGHTING ARM, GZ 

Angle of heel is YM 



STATIC STABILITY (coN'T) 

RIGHTING MOMENT 

THE RIGHTING MOMENT IS 

GZ IS DEFINED OVER THE FULL RANGE 
OF ANGLES OF INCLINATION, # 



STATIC STABILITY (CON'T) 

R I G H T I N G  MOMENT 

Angle of heel is YM 

Y Y  t Bu;zy;;force 
force upright 

AT SMALL ANGLES, 

GZ = GM sin fl 
A N D  

A G M  sin # 







STATIC STABILITY (CON'T) 

SHIFT OF WEIGHT ON BOARD 

A SHIFT OF A SMALL WEIGHT, w ,  FROM 
Q TO g,, CAUSES A S H I F T  IN THE 
CENTER OF GRAVITY OF THE SYSTEM 
FROM G TO G, 

IMPORTANT: GG, IS ALWAYS PARALLEL 



STATIC STABILITY (CON'T) 

SHIFT OF WEIGHT ON BOARD 

FROM PRINCIPLE OF MOMENTS- 

w ggl 
GG, = 



STATIC STABILITY (CON'T) 

SHIFT OF WEIGHT ON BOARD 

VERTICAL SHIFT: 

LONGITUDINAL SHIFT: wl 
GlG2 

= -  a 
TRANSVERSE SHIFT: 



STATIC STABILITY (CON'T) 

SHIFT OF WEIGHT ON BOARD 

FOR TRANSVERSE WEIGHT SHIFTS AT 
SMALL ANGLES- 

3 

- - wt 
G2G3 A = GM tan @ 

- 

FOR LONGITUDINAL WEIGHT SHIFTS 
(ANGLES WILL USUALLY BE SMALL)- 

wl 
G l G 2  

= - -  
A 

- GIL tan 0 

WHERE 8 = TRIM ANGLE 





STATIC STABILITY (CON'T) 

METACENTRIC RADIUS, BM 

I = TRANSVERSE MOMENT OF INERTIA 
OF WATERPLANE 

I T. = LONGITUDINAL MOMENT OF 
INERTIA OF WATERPLANE 

MORE ABOUT MOMENT OF INERTIA COMING! 



STATIC STABILITY (CON'T) 

MOMENT OF I N E R T I A  

THE MOMENT OF A SMALL AREA,  dA 
ABOUT A X I S  x - x  I S  

THE MOMENT OF INERTIA OF dA 
ABOUT x - x  IS 



STATIC STABILITY (CON'T) 

MOMENT OF INERTIA 

WHEN THESE SMALL AREAS ARE INTEGRATED 
OVER THE WHOLE WATERPLANE THE RESULT 
IS- 

THE 2 IS TO ACCOUNT FOR BOTH SIDES OF 
THE SHIP 

THIS INTEGRATION IS DONE NUMERICALLY 

SEE TABLE 3-1 IN MODERN SHIP DESIGN 
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S T A T I C  S T A B I L I T Y  ( C O N ' T )  

EXAMPLE 

4 . F I N D  K B .  FOR A RECTANGULAR BARGE 
KB W I L L  B E  J U S T  l/2 T H E  
D R A F T  

F I N D  GM 



Prob-: Basic 

Formulas f o r  area,  c o o r d i n a t e s  of c e n t r o i d a l  axes, and moment o f  i n e r t i a  o f  
plane geometrical  forms are  given i n  the  Appendix t o  t h e  Problem Book. Using 
these formulas compute the area, cent ro ida l  axis,  and moment o f  i n e r t i a  f o r  the  
f igures  shown below: 

Find A, I,,, IYY 

Find A, x, I,,, 
IY Y 



BpSlC NAVAL 

Problem Level: Basic 

A barge w i t h  v e r t i c a l  sides has the  form shown below. Determine the  f o l l o w i n g  
cha rac te r l s t l c s  o f  the  barge: 

a) Dlsplacement I n  s a l t  water 
b )  Dlsplscement I n  f resh  water ( @  36 f t 3 / t o n )  
C)  Waterpl ane area 
d l  Centroid o f  the  waterplane (Longf tud i  nal  Center o f  F l o t a t i o n )  
e )  Ver t i ca l  and Longitudinal l o c a t i o n  o f  t he  cen t ro fd  o f  the  underwater 

volume (KB, LC81 



BAS1 C NAVAL ARCHITECTURE 

Problem 16 

Probl  em Level : Basic 

Refer  t o  t h e  Curves o f  Form f o r  t h e  BEAR Class c u t t e r s .  I d e n t i f y  t h e  
f o l l o w i n g  curves and use t h e  approp r ia te  s c a l i n g  f a c t o r s  t o  determine t h e  
values f o r  t h e  h y d r o s t a t i c  parameters a t  a  mean d r a f t  o f  13'-0". 

KB CD1 "TA P 

LCB Wetted Surface, S  M 

LCF K " ~  C~ P 



Problem 17 

Problemgygl :  Basic 

Us ing  t h e  I n f o r m a t i o n  o b t a i n e d  f r o m  t h e  Curves o f  Form f o r  t h e  BEAR C l a s s  
c u t t e r  a t  t h e  131-0'' d r a f t ,  f l n d :  

Moment o f  I n e r t i a  o f  waterplane about the  and about a transverse ax is  
through t h e  CF. 

Area o f  t h e  13'-0" waterplane 

Area o f  t h e  Midship Sect ion 



/3xkMu 

Problem Ley&: Bas ic  

A BEAR Class  c u t t e r  i s  f l o a t i n g  i n  s a l t  water  a t  the  f o l l o w i n g  d r a f t s  and KG: 

f 
- - 12'-0" 

Ta 
- - 13 '-6" 

KG - - 19.50' above BL 

F i n d  t h e  fo l low ing :  

Displacement 
LCG 
TPI 
MT 1 
LCF 
Gblt 



fkd2ua 

Problem Level: Basic 

A rectangular  barge has the  fo l lowing  dimensions, d ra f ts ,  and KG: 

- 
L~~ 

- 175 '-0" 

B - - 351-0" 

f 
- - 10'-0" 

Ta 
- - 10'-0" 

KG - - 8.00 f t  above $ 

Find: ( a )  Volume o f  DSsplacement 
( b )  Displacement i n  s a l t  water 
( c )  Transverse Moment o f  I n e r t i a  o f  t h e  waterplane 

( i . e .  Moment o f  I n e r t i a  about t h e  & 1 
( d l  Transverse Metacentr ic  Radius, BMt 
(e l  KE 
( f 1 Kt+ 
( g) Gelt 



Problem 24 

Problem Leve l :  Bas ic  

R e f e r  t o  P r o b l e m  13, F o r  t h e  w a t e r p l a n e  o f f s e t s  o f  t h e  t r a n s o m - s t e r n  s h i p  
g i v e n  I n  t h e  problem compute t h e  t ransverse  Moment o f  I n e r t i a  o f  t h e  waterplane 
using t h e  Trapezoida l  Rule as i n  Table  3-1, pp 57, G i l l m e r .  Use a t a b u l a r  form 
f o r  t h e  c a l c u l a t i o n .  



!?mlma 

Problem L e v e l :  Bas lc  

a) A r e c t a n g u l a r  barge has t h e  dlmenslons shown below. F l n d  A, Afw, KB, 
BMt , Kt."t t TP I ,  

b) The barge shown below has s i m i l a r  dimensions t o  t h a t  shown above, except  
t h a t  bow and s t e r n  rake  have been added. F i n d  t h e  new A,,KB, KPT. 

C )  If KG = 8.00' above t h e  f i n d  GUT o f  t h e  barge i n  ( b )  above. 
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