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BASIC NAVAL ARCHITECTURE

Unit Number: 27
Title: Maneuverability and ship control
Tape Running Time: 3™ oS

Reading Assignment: MSD, pp 151-169

Additional References: PNA, pp 463-465, 477-481, 482-486, 489-495

INA, pp 274-288

Scope:

Basic concepts of 1ifting surfaces as applied to rudders are reviewed. Forces
on a ship in a turn are explained. Phases of a turn are described.
Maneuvering control devices, including bow thrusters, z-drives, active rudders

are described.

Key Points to Emphasize:

1. Emphasize 1ift-drag characteristics of the rudder as a hydrofoil, Figs.
8-1, 8-2, MsD, pp 152, Figs. 35, 36, PNA, pp 494-495, Figs. 14-3, 14-4,

INA, pp 266-267.
2. Explain Fig. 8-4, MSD, pp 153.
3. Discuss stall and cavitation applied to rudders.
4, Go over advance, transfer, tactical diameter.
5. Phases of a turn,

6. Explain Fig. 8-11, MSD, pp 160.

7. Discuss types of rudders and other control surfaces not covered in video

tape.

Suggested Problem Assignment: Select from previously unassigned problems,

ala



MANEUVERABILITY AND SHIP CONTROL

THE RUDDER - LIFT/DRAG DIAGRAN
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MANEUVERABILITY AND SHIP CONTROL

THE RUDDER - FLOW CONDITIONS
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MANEUVERABILITY AND SHIP CONTROL

THE RUDDER
 FORCE, CENTER OF PRESSURE AND TORQUE.

FORCE (bs.)
q,
CP. AFT OF AXS

CP. FWD OF AXIS
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MANEUVERABILITY AND SHIP CONTROL

THE RUDDER - ASPECT RATIO
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MANEUVERABILITY AND SHIP CONTROL

THE RUDDER - TYPES OF RUDDERS
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MANEUVERABILITY AND SHIP CONTROL

MOTION OF A SHIP IN TURNING
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MANEUVERABILITY AND SHIP CONTROL

FORCES ON A SHIP IN A TURN
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MANEUVERABILITY AND SHIP CONTROL

TUNNEL THRUSTERS

* CONTROLLABLE-PITCH OR FIXED-PITCH
REVERSING.

 TRANSVERSE THRUST ONLY.

« GOOD THRUST/HP AT LOW SHIP SPEEDS, BUT AT
SPEEDS ABOVE 3-4 KNOTS PERFORMANCE FALLS
OFF RAPIDLY.

 TUNNEL MUST BE BELOW WATERLINE EVEN AT
BALLAST DRAFT.
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MANEUVERABILITY AND SHIP CONTROL

Z-DRIVES
« RETRACTABLE TYPE (ACTUALLY L-DRIVE).

ELEVATION OF RETRACTABLE STEERNG PROPELLER ASSEMBLY
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SPECIFIC THRUST - T/P’Laﬁ-cp

MANEUVERABILITY AND SHIP CONTROL

COMPARISON OF THRUSTER TYPES

J N O TUNNEL THRUSTERS
N ® TUNNEL THRUSTERS (VOITH-
20 1\ N SCHNEIDER PROPS)
\;\1\ N \ A RIGHT ANGLE DRIVES (WNOZ2LE)
60 R I~ @ RIGHT ANGLE DRIVES (OPEN SCREW)
\\ N \ A ACTIVE RUDDER (W NOZZLE)
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MANEUVERABILITY AND SHIP CONTROL

COMPARISON OF THRUSTER TYPES
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MANEUVERABILITY AND SHIP CONTROL

THE RUDDER - CAVITATION

CAVITATION AT 20 KTS

PRESSURE COEFFICIENT

CAVITATION AT 15 KTS

1 1 1 )
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MANEUVERABILITY AND SHIP CONTROL

PATH
INFORMATION ON PATH
_ CONTROL
FORCE
RUDDER ANGLE
- WHEEL
4 FORCE
DESIRED | . | STEERING
COURSE™] © DISPLAY ‘T AUTO PILOT HELM 1 \{ECHANISM
PATH - ORDERED
ERROR RUDDER
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ANGLE EXTERNAL
DISTURBANCE
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MANEUVERABILITY AND SHIP CONTROL

DIRECTIONAL THRUSTERS
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BASIC NAVAL ARCHITECTURE

Unit Number: 28
Title: The ship in motion with the sea - 1
Tape Running Time: 3™ 308

Reading Assignment: MSD, pp 235-243

Additional References: PNA, pp 607-627

INA, pp 254, 261

Scope:

The three rotational and three translational ship motions are defined. Basic
concepts of sinusoidal and trochoidal gravity waves are introduced. The
concept of a seaway spectrum is explained. Various ways of describing a
seaway are described.

Key Points to Emphasize:

1. Student should be led to the concept of a seaway being a mix of wave
energies of different frequencies. Fig. 11, PNA, pp 616 is important and
should be stressed.

2. Meaning and usage of significant wave height, sea state and Beaufort
Scale.

3. To give student an idea of scale, extreme or "episodic" waves in a seaway
population may be 1.7 to 1.8 times as high as significant wave height.
Relate to Sea State 7, which is a common design survival condition for
naval combatants.

Suggested Problem Assignment: Select from previously unassigned problems.




THE SHIP IN MOTION WITH THE SEA

DEFINITION OF SHIP MOTIONS

Surge

3
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THE SHIP IN MOTION WITH THE SEA

"REGULAR" WAVES

« "REGULAR" WAVES ARE WAVES OF CONSTANT
PERIOD, OR PERIODIC WAVES.

« THERE ARE A NUMBER OF WAVE THEORIES WHICH
DESCRIBE PERIODIC WAVES.

« WE WILL ONLY ADDRESS,

- SMALL AMPLITUDE SINUSOIDAL WAVES.
- TROCHOIDAL WAVES.
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THE SHIP IN MOTION WITH THE SEA

SHORT-CRESTED WAVES

 SHORT-CRESTED WAVES HAVE SHORT CRESTS AND
ARE MORE REALISTIC. THEY OCCUR BECAUSE, IN
NATURE, WAVES USUALLY COME FROM COMBINING
WAVE SYSTEMS OF DIFFERING ENERGIES AND
COMING FROM DIFFERING DIRECTIONS.

« SHORT CRESTED WAVES CAN BE REPRESENTED
THEORETICALLY, BY COMBINING LONG-CRESTED
WAVES COMING FROM DIFFERING DIRECTIONS.
USUALLY THIS TYPE OF REPRESENTATION IS NOT
WORTH THE ADDITIONAL COMPUTATIONAL
COMPLEXITY.
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THE SHIP IN MOTION WITH THE SEA

SEA SPECTRA

THE ENERGY IN AN IRREGULAR SEAWAY CAN BE
REPRESENTED AS AN ENERGY SPECTRUN.

)

VAVE ENERGY

WAVE FREQUENCY —
~—— WAVE LENGTH



THE SHIP IN MOTION WITH THE SEA

SEA SPECTRA

THE ENERGY SPECTRUM CAN BE REPRESENTED AS THE

SUMX OF A NUMBER OF SINUSOIDAL COMPONENTS.

S'lbl

-y el g, W oy oy el ol
SCALE OF FREQUENCY we2/y

(o) SPECTRUM

SCALE OF TIME OR DiSTANCE
LENGTH OF EACH: 512 T2+ 200,72 AMPL * 23'(-\»’ o

(b) COMPONENT WAVES



THE SHIP IN MOTION WITH THE SEA
SEAWAY DESCRIPTIONS
« BEAUFORT SCALE (USED BY SEAMEN)

WIND FORCE WIND VELOCITY, KNOTS
3 7 - 10
4 11 - 16
5 17 - 21
6 22 - 21
1 28 - 33
8 34 - 40
9 11 - 47
10 48 - 55

« DESCRIPTIONS OF THE APPEARANCE OF THE SEA
ARE PROVIDED FOR WIND FORCE.

- NOT VERY USEFUL FOR DESIGN.

J-47
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THE SHIP IN MOTION WITH THE SEA

SEAWAY DESCRIPTIONS (CON'T)

« SIGNIFICANT WAVE HEIGHT

COMPARISON OF VISUALLY ESTIMATED WAVE
HEIGHTS INDICATES THAT THE WAVE HEIGHT THAT
AN EXPERIENCED SEAMAN WILL ESTIMATE
CORRELATES BEST WITH THE AVERAGE OF THE
ONE-THIRD HIGHEST WAVES IN THE SEAWAY.

THIS AVERAGE IS CALLED THE SIGNIFICANT WAVE

HEIGHT.

- SIGNIFICANT WAVE HEIGHT IS USEFUL.
SIGNIFICANT WAVE HEIGHT (AND SIGNIFICANT
WAVE PERIOD) ARE USED IN THE FORMULAS FOR
SEAWAY SPECTRA.




THE SHIP IN MOTION WITH THE SEA
SEAVAY DESCRIPTIONS (CON'T)
SER STATES
USED IN SHIP PERFORMANCE SPECIFICATIONS

SIGNIFICANT VIND FREQUENCY
SEA VAVE HEIGHT VELOCITY OF OCCURENCE
STATE (FEET) (KNOTS) (PERCENT)
1 0.0 TO 1.9 0 TO 10 7.5
2 1.9 To 4.1 10 TOo 14 25.0
3 4.1 To 5.7 14 T0 17 12.5
4 5.7 T0 7.4 17 TO 20 8.0
5 7.4 TO 13.0 20 TO 25 39.5
6 13.0 TO 20.8 25 TO 32 6.6
1 20.8 TO 40.3 32 TO 44 (0.9
8 40.3 TO 61.6 44 TO 55 0.0
NOTE: FREQUENCY OF OCCURRENCE CITED ABOVE IS AN

AVERAGE FOR ALL OCEANS, ALL TINES OF YEAR. ACTUALLY,
IT IS STRONGLY DEPENDENT ON AREA AND SEASON (FOR
EXANPLE: VINTER, NORTH ATLANTIC).
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THE SHIP IN MOTION WITH THE'SEA

SEA SPECTRA

GROWTH AND DECAY OF SEA SPECTRA.

S INCRE ASE
OF WAVES
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BASIC NAVAL ARCHITECTURE

Unit Number: 29
Title: The ship in motion with the sea - 2
Tape Running Time: 35M 303

Reading Assignment: MSD, pp 243-253

Additional References: PNA, pp 657-661, 669-681

INA, pp 260-272

ScoEe:

Rolling and pitching motions are discussed together with methods of
controlling these motions. Yawing motions and broaching are described.
Translational motions are outlined and described briefly. The SWATH ship
concept as a means of modering ship motions is described.

Key Points to Emphasize:

1. Emphasize Fig. 13-13, INA, pp 264 as being the characteristic of damped
exited vibrating systems. Use spring-mass-dashpot example, then apply to
ship motions. Introduce the concepts of natural frequency, synchronism,
resonance.

2. Stress rolling and pitching as worst motions and discuss design measures
to control these motions. Discuss yawing and broaching.

3. Discuss translational motions briefly.

4, Explain hew the SWATH ship concept reduces ship motions. Discuss
advantages and disadvantages of SWATH ships.

Suggested Problem Assignment: Select from previously unassigned problems. If
desired to assign a problem in ship motions, consider 13-1 or 13-2, INA, pp
272-273 if the class can handle that level of problem.

25/
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THE SHIP IN MOTION WITH THE SEA

DESIGNING FOR SHIP MOTIONS

1. ROLLING

FORMULA FOR NATURAL ROLLING PERIOD:

. 1.108k

L VGN
k = MASS RADIUS OF GYRATION IN ROLL, FT.
k VARIES FROM .38B TO .55B
k = .40B IS A COMMONLY USED VALUE
THEN,

r, - =448

TGN



THE SHIP IN MOTION WITH THE SEA

DESIGNING FOR SHIP MOTIONS

1. ROLLING - BILGE KEELS

BILGE KEELS ARE CHEAP AND FAIRLY
EFFECTIVE. THEY DISSAPATE ROLLING ENERGY
BY INCREASING ROLL DAMPING. |

s

| T
\ ! !
2| \ : H
\ ,\<BAR£ AL i
3'0 x 1
w |
g \
i o -
s N\
ge ‘
< ]
;" -
g 4
\ BILGE KEELS
' 2 2 |
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8 10 [
SWING NUMBER
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THE SHIP IN MOTION WITH THE SEA

DESIGNING FOR SHIP MOTIONS

1. ROLLING - ANTI-ROLLING FINS

ANTI-ROLLING FINS ARE VERY EFFECTIVE IN
SUPPRESSING ROLL AT NORMAL SHIP SPEEDS.

THEY LOSE EFFECTIVENESS RAPIDLY AT LOW
SPEEDS.

FREE ROLL

STABILIZED

I

I

-
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o t’. g
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RESIDUAL ROLL —-
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FIN MOVEMENT-
Denny-Brown Co.



THE SHIP IN MOTION WITH THE SEA

DESIGNING FOR SHIP MOTIONS
1. ROLLING - ANTI-ROLLING TANKS

« ANTI-ROLLING TANKS ARE EFFECTIVE AT ANY SPEED,
BUT ONLY OVER A SMALL RANGE OF FREQUENCIES.

- BY CONTROLLING THE FLOW RATE OF THE WATER FROM
ONE SIDE TO THE OTHER THE WEIGHT SHIFT CAN BE
MADE TO BE JUST OUT-OF-PHASE WITH THE ROLL
MOTION, THUS GENERATING AN ANTI-ROLL MOMENT.

- ANTI-ROLL TANKS REQUIRE 1% TO 2% OF THE
DISPLACEMENT AND LARGE INTERNAL VOLUME. THEY ALSO
CONTRIBUTE TO THE FREE SURFACE RISE IN THE CENTER
OF GRAVITY.




THE SHIP IN MOTION WITH THE SEA

DESIGNING FOR SHIP MOTIONS

1. ROLLING - ANTI-ROLLING TANKS
PASSIVE TYPE




THE SHIP IN MOTION WITH THE SEA

DESIGNING FOR SHIP MOTIONS

2.

TOTAL PITCH ANGLE
DEGREES

PITCHING

WORST PITCHING MOTIONS TEND TO OCCUR IN

WAVES WHOSE LENGTH IS APPROXIMATELY EQUAL
TO SHIP LENGTH.

10—

1
0.75 1.0 1.28 18
TUNING FACTOR, A
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THE SHIP IN MOTION WITH THE SEA

DESIGNING FOR SHIP MOTIONS

4. TRANSLATIONAL MOTIONS

 SURGE AND SWAY ARE SMALL MOTIONS AND NOT
GENERALLY A PROBLEN.

- HEAVE MOTIONS CAN BE SIGNIFICANT AND CAN
CONTRIBUTE 70 UNCOMFORTABLE ACCELERATIONS, BUT
THESE MOTIONS ARE SELDOM HAZARDOUS.

« LITTLE CAN BE DONE TO REDUCE HEAVING MOTIONS,
OTHER THAN REDUCING WATERPLANE AREA, WHICH IS
NOT OFTEN A DESIGN OPTION FOR CONVENTIONAL
SHIPS.

« SWATH SHIPS DO REDUCE WATERPLANE AREA AND
ACHIEVE ATTRACTIVE PITCH AND HEAVE MOTIONS -
BUT AT A PRICE!
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THE SHIP IN MOTION WITH THE SEA

DESIGNING FOR SHIP MOTIONS

2. PITCHING
INFLUENCE OF PITCH PERIOD.

SOV NI
NN ANAVER .

SPEED-LENGTM RATIO, V/ /o=
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THE SHIP IN MOTION WITH

THE SEA

DESIGNING FOR SHIP MOTIONS
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THE SHIP IN MOTION WITH THE SEA

SHIP MOTION COMPUTER PROGRANMS
FREQUENCY DOMAIN COMPUTER PROGRANS

« EXAMPLES OF TYPES OF PREDICTIONS
-~ AVERAGE OF 1/3 LARGEST MOTIONS IN A

SEAWAY OF ___ SIGNIFICANT WAVE HEIGHT.

- NUMBER OF EXCEEDANCES OF A MOTION LEVEL IN
100,000 MOTICN CYCLES (OR ANY GIVEN NUMBER OF
CYCLES).

- NUMBER OF TIMES PER HOUR GREEN WATER IS SHIPPED
OVER FOREDECK.

- NUMBER OF TIMES PER HOUR THE FOREFOOT EMERGES
FROM THE WATER.

- NUMBER OF TIMES IN THE SHIP'S LIFE CYCLE A
GIVEN STRESS IN A STRUCTURAL DETAIL WILL BE
EXCEEDED.
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BASIC NAVAL ARCHITECTURE

Unit Number: 30

Title: The strength and structure of ships - 1
Tape Running Time: 35M 208

Reading Assignment: MSD, pp 205-207

Additional References: INA, pp 13-36, 60-74

Any standard text in "Strength and Materials" or
"Mechanics of Deformable Bodies"

Scoge:

Basic concepts of stress and strain, the stress-strain diagram and Hooke's Law
are introduced. Neutral axis and basic beam concepts including the flexure
formula are discussed. Section modulus is defined. Distribution of bending
stresses and shear stresses in a beam in bending are described.

Key Points to Emphasize:

l.

This is the first of ten units on the design of ship's structures. The
purpose is to present an overview of the subject. However, since students
are presumed not to have a background in Statics and Strength of
Materials, elements in these subjects which are necessary to develop the
structural topic are introduced, but only to a minimum level of detail.
The instructor may wish to amplify this treatment in certain areas, but he
should avoid the pitfall of trying to force two college courses in
engineering into an overview presentation.

Introduce basic concepts of stress, strain, stress-strain diagram, Hooke's
Law, and beam theory. Note that MSD uses older notation of f for stress.

Emphasize a physical feeling for difference between bending stress and
shear stress. Use deck of cards analogy.

Suggested Problem Assignment: 56, 57
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THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - STRESS

//l

i :

\ |

P : ,)' > P
!l,,, 7/
_ P _ FORCE, LBS
O = A T AREA, IN?

THE FORCE P IS CALLED THE LOAD



THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - STRESS




{r

THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - SHEAR STRESS




THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - STRAIN

STRAIN IS DEFORMATION PER UNIT LENGTH IN THE
MATERIAL RESULTING FROM STRESS, EXPRESSED IN
INCHES PER INCH.

é L >
-
2——)-)( —-—%————PP
7 ]
N } —
; _’|ex l“'
A
NOTATION P = LOAD, LBS
¢ = STRAIN, IN/IN
£y = €x IN

L ' IN



THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS

~ STRAIN

NORNMAL
STRAIN

/

/
L

— 1

o

SHEARING
STRAIN
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TENSILE STRESS ¢

THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - THE STRESS-STRAIN DIAGRAM

_-"" true stress at racture

- based on actual minimum
_ load bearing area

X fracture

b v - o — —— —

elastic.limit
proportional limit

F—— — ——y-— yield strength at 2% ofiset

STRAIN €



THE STRENGTH AND STRUCTURE OF SHIPS
BASIC CONCEPTS - STRESS AND STRAIN
IMPORTANT RELATIONSHIPS
HOOKES LAW:
“STRESS IS PROPORTIONAL TO STRAIN"

o = BE¢
0 = STRESS, LBS/IN?
¢ = STRAIN, IN/IN
E = YOUNG'S MODULUS, OR THE MODULUS OF

ELASTICITY, LBS/IN2

NOTE: APPLIES ONLY TO THE STRAIGHT LINE PORTION
OF THE STRESS-STRAIN DIAGRANM.
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THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - NEUTRAL AXIS

X NEUTRAL AXIS




THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - THE FLEXURE FORMULA

VERY IMPORTANT FORMULA !!

THE BENDING STRESSES (NORMAL STRESSES) IN BEAM ARE

GIVEN BY y
;;/
_ My N— g4 A =X
g =
I ///
| /
LB
o = BENDING STRESS, I
M = BENDING MOMENT, IN-LB
Y = DISTANCE FROM NEUTRAL AXIS, IN
I = MNOMENT OF INERTIA OF SECTION ABOUT

NEUTRAL AXIS, IN4
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THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - SECTION MODULUS

THE MAXIMUM VALUE OF y IS CALLED c.

ACTUALLY THERE MAY BE DIFFERENT VALUES OF c FOR TOP
AND BOTTON.

THE SECTION MODULUS IS A GEOMETRIC PROPERTY OF THE
BEAM SECTION.

THEN,

THERE WILL BE TWO VALUES FOR S CORRESPONDING TO THE
TVO VALUES OF c.

IN TABLES OF BEAM SECTION PROPERTIES ONLY THE SMALLER

VALUE OF SECTION MODULUS IS LISTED.
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BASIC NAVAL ARCHITECTURE

Unit Number: 31
Title: The strength and structure of ships - 2
Tape Running Time: 28M 325

Reading Assignment: MSD, pp 208-209

Additional References: INA, pp 76-81

Any standard text in "“Strength of Material" or
"Mechanics of Deformable Bodies"

ScoEe:

Bending moment diagrams for simply supported and cantilevered beams are
developed. The Manual fo Steel Construction (Steel Handbook) is cited as the
source of information on bending moment diagrams, useful tables, and
properties of steel sections.

Key Points to Emphasize:

1. Only four cases which can be developed using a very simple intuitive grasp
of IF =0 to determine reaction forces are presented. Other cases are
referred to the Steel Handbook. Excerpts from the Steel Handbook are
reprinted in the appendix to the problem set.

2. Try to straighten out the confusion on sign conventions, but note that
there is lack of uniformity within the industry on this subject. Bending
moments should be clearly labeled "hogging" or "sagging" and stresses
should be labeled "compressive" or "tensile" regardless of the side of the
baseline on which these quantities are plotted.

3. Emphasize graphical relationships between areas, ordinates, slopes and
curvature,

4. Select problems judiciously with background of class in mind., Each period
introduce problems to be assigned for next period with some explanation.
If necessary, replace problems in problem set with problems at even a more
basic level.

Suggested Problem Assignment: 58, 59
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THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - BENDING MOMENT

CANTILEVERED SUPPORTS (OR "BUILT-IN" SUPPORTS, OR
"FIXED" SUPPORTS) DO NOT PERMIT ROTATION AT THE
SUPPORT.

>

J
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THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - BENDING MOMENTS

SIGN CONVENTIONS

POSITIVE NEGATIVE
BENDING BENDING

TO ASSIGN SIGNS TO BENDING MOMENTS LOOK AT THE
FORCES AND MOMENTS TO THE LEFT OF THE POINT IN
QUESTION.

,— x o-l , x -, 2
C:;/:’Z;%W) ="
G |
N, IS Rx IS (wx)(3) IS

NEGATIVE POSITIVE NEGATIVE



THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - BENDING MOMENT

CONSIDER A SIMPLY SUPPORTED BEAM WITH A CENTER
CONCENTRATED LOAD.

31__ i W
| L !
v Vs

THE BENDING MOMENT AT ANY POINT, x, IS THE SUM OF

THE MOMENTS TO THE LEFT OF THAT POINT.

FRON x = O T0 x = L/2, M= % . X

L _ L
5 X ¥ (x 2)

FROX x = L/2 TO x L, |
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THE STRENGTH AND STRUCTURE OF SHIPS.

BASIC CONCEPTS - BENDING MOMENT AND SHEAR FORCE

DIAGRANS

CONSIDER A SIMPLY SUPPORTED BEAN WITH A
CONCENTRATED LOAD.

I__ X —i LOAD
5&[ ‘5%
w7 SHeae
e REorRcE
= —

-

AR@A:g.t

-2

-

BENDING
MOMENT
pex

NI

IMPORTANT

THE ORDINATE OF THE
BENDING MOMENT DIAGRANM

EQUALS THE TOTAL AREA
TO THE LEFT OF THE
POINT ON THE SHEAR
FORCE DIAGRAX




S3T4VYl IndISN ¥IHLO

SNOILDES JIYLAN0ID J0 SIAILYALOUd

*LONYLSNOD HNIATING TIALS Y04 SNOILVIIAIDAIS
SNOILDENNOD 40 NIISAd

N9IS3d NRNTOD

aY'InNyod
ANY SHYYOVIQ LNINON ONIGNId ANV IDY0d YVIHS

NSISIa YIQAID QNY RWvd€
STJYAS TVINLONYLS JO SITLYIJO¥d ANY SNOISNANIA
- NO NOILYNYOJNI SNIVINOD YOOH4UNYH

dHd

*NOILVNYOJNI ¥VTINIS NIVINOD LVHL SYOOYANYH ¥IHLO
¥V FYTEL "NOILONYLSNOD TAALS J0 ALNLILSNI NVOITYIANY

‘NOILIQ3 HLHSIZ °‘NOILONYLSNOD TITLS 40 TVANVN
§I STYNLONYLS TIALS NO NOILVWIOANI 40 IDYNOS 000D ¥

YOO4ANVH TAALS

SAdIHS 40 TYNLONYLS ANV HIONIYLS IHI

(S



.

THE STRENGTH AND STRUCTURE OF SHIPS

STEEL BANDBOOK

1- 1
T
T_ ——
d X x |T W SHAPES
iy it Dimensions
1
Y k
b,
Web Flange Dustance
Ne Depth
o | 4|7 [ o] v [ [T
w (i /]
n? n. n in. n n n. In. h

W36x300 | 88.3 | 36.74 [36% [0.945 | 1% | % | 16.655 | 16% | 1.680 |10 [ 313 | 21%¢] 1%
x280 | 82.4 | 36.52 [36% [0.885 % | The | 16.595 | 16% | 1.570 | 1% | 31% | 224 1%
x260 | 76.5 | 36.26 | 36Y, |0.840 | W | %he | 16.550 | 16% | 1.440 | 174 | 30% | 2% | 1%
x245 | 72.1 | 36.08 | 36% |0.800 | %4 | The | 16.510 | 16% ] 1.350 {1% |31%/| 2% | 1%
x230 | 67.6 | 3590 [357% ]0.760 | ¥% | % | 16.470 | 16% ] 1.260 {1% [31% ]| 2% | 1%

W36x210 | 61.8 | 36.69 | 36% (0.830 | M | e | 12.280 | 12 ] 1.360 | 1% | 32%| 2% | 2%
x194 [ 57.0 [ 36.49 [ 36% [0.765| % | % | 12.115]12% 1.260 | 1% | 32%] 2% | PHe
x182 | 536 | 36.3336% [0.725| % | % | 12.075 | 12% ] 1.180 | 1% | 32% | 2% | 1%
x170 | 50.0 | 36.17 | 36% [0.680 | 145 | % | 1203012 11.100 |14 |32%]2 1%
x160 | 47.0 | 36.01 /36 [0.650| % | %¢| 3200012 [1020]1 |32%] 1'%¢| 1%
x150 | 44.2 { 35.85/35% |0.625| % | %] 11.975(12 | 0.940 ] M| 32% ] 1% 1%
x135| 39.7 [ 35.55[35% (0.600 | % | % | 12.950 [ 12 [0.790 | M| 32% ] 13%¢] 2%

% | 1
o] 2% | 1
Yl 1%

Vh | 1%

W33x241 | 70.9 | 34.18 | 34% [ 0.830 | ¥ | ‘4 | 15.860 [ 15% ] 1.400 | 1%
x221 ] 65.0 | 33.93{33%0.775 | % | % | 15.805 15%] 1.275 | 1Y%
x201 | 59.1 | 33.6833% | 0.715 | M4 | % | 15.745] 15%] 1.150 { 1%

2%
29%,
29%
W33x152) 44.7 | 33.49]33%(0.635| % %o | 11.565 | 11%] 1.055 | 1%, | 29%

x141 | 41.6 | 33.30) 33% | 0.605 | % %o | 11.535( 11%/ 0.960 | %] 29%d 1% | 1%

x130| 38.3] 33.09|33'% {0580 | %¢ | % | 11.510] 11%] 0.855] % | 29% | i %¢| 1A

xil18| 34.7 ]| 32.86|32% [ 0.550 | %¢ | %he| 11.480 | 11%] 0.740 | ¥ | 29% | 1% | 26

26%,

26%,

26%,

26%,

26%,

26%,

26,

26%,

w30x211| 620 309431 [0775]% | % | 15.105] 15%] 1.315 1%,
x191 [ B6.1 ]| 30.68) 30% | 0.710 | M4 | % | 15.040] 15 | 1.185 | 1%
x173| 50.8 | 30.44| 30% [ 0.655| % | %o | 14.985(15 | 1.065] 1%

2% | 1%
| 1% Phs
ARVIBLN

W [ Yhe
lll/“ 1
1%

1%,
Vh

W30x132 | 38.9| 30.31(30% [ 0.615| % | %/ 10.545] 10%] 1.000] 1
x124| 365 | 30.17| 30% | 0.585 | % | %¢| 20.515 10%] 0.930| 1%,
x116| 34.2 30.01{30 |0.565| %e | %e| 10.495| 10%] 0.850( %
x108| 31.7| 29.83| 29%( 0.545 | %, | % | 20.475] 10%] 0.760| %,
x99 201 | 2065/ 20%|0520| % | % | 10.450] 10%]| 0.670] 34,

e e

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

D




THE STRENGTH AND STRUCTURE OF SHIPS

STEEL HANDBOOK

2-119
BEAM DIAGRAMS AND FORMULAS
For various static loading conditions
For meamng of symbols, see page 2-111.
15. BEAM FIXED AT BOTH ENDS—UNIFORMLY DISTRIBUTED
LOADS
Totsl Equiv.Unitermiosd . . . . = L
ReV o 0o e e e et -5
Ve ¢ vt ot e e e e e e - -(% - l)
] mu.( at ends ) ...... - %—‘-
—r ™, (n unw) ....... -'-;—“-.-
_fmt | ¥ [T ( - ) ....... T.z"‘“" 1 —x)
I | ™ amax. (steenter) . . . . . . = =
¢ SMEI
-b), Mo NM™ e - e U—
16. BEAM FIXED AT BOTH ENDS—CONCENTRATED LOAD AT
" CENTER
" |4
% l JL E TotaslEquiv.Uniformiesd . . . . = P
nyY” R ’
. ' . -V s e e e e e e & e+ - T
2 H el
i ””” umu.(nanwndm‘o) c =T
Shear JJI } My (whonl(-‘-) e e e e . -—:-(h-l)
u . eme (stosmter) . . . . S TeoET
.1 y _:i: ax (-uon r< -‘-) ..... - ?:—.f.l_ (3/—4x)
17. BEAM FIXED AT BOTH ENDS—CONCENTRATED LOAD AT
ANY POINT
A.-v.(mn.whonl\b) . -%(h-fl)
R.-V.(mn. when 8 >b) e . . = -”i’.» (a +3b)
M, (mn. when 8 < b) el . = %‘i
LY (mn. when a > b) e e . = %
Ma ( st point of load ) e . = ’L;:—.:
uf-w ” T,' My (umn x< -) ..... - Ryx— '::'
- amax. (vhon a>batzm '::.'.). - ﬁ,—:‘—ﬁ
M T vemen u, > (stoointoriond) . . . - a2
ax (-Ma X< l) ...... -:—"%(w-m-m

AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Problem 58
Problem Level: Basic

Construct shear force and bending moment diagrams for the beams and loadings
shown below. Indicate on the diagrams the maximum values of shear force and
bending moment.

(a) Simply supported, concentrated load

i-e—s"‘d' ——‘7:_]7 10,009 les
|

o

10-3 —

(b) Simply supported, uniform load

\000 \\osl tt

AR

. \l]

» \0-©°
(c) Cantilevered, concentrated load

§§§ 10,000 b5

A3

N
§\> \o0'- 0"

)L

(d) Cantilevered, uniform load

§ :LJ ' vo00 les [t
b\\\.______ vo' -o" N

(e) Find the location and magnitude of the maximum bending stress in each
of the above beams if each is a W10 x 45 section. The properties of
the section in the table in the appendix taken from the Steel
Construction Manual.




Problem 53
Problem Level: Basic

A ¥-shape steel beam has the following characteristics as 1isted in the

AISC Manual of Steel Comsiruction, Eighth Edition.
Designation: W12 x 58
Area, inZ: 17.0
Depth, in: 12.19

¥t per ft, 1b/ft: 58

I x? 104: 475

X
S, in: 78.0

Find the maximum uniform load in 1bs/ft thet the beam can support without
exceeding an allowable stress of 18,000 1bs/in“,

(2) on a 30-foot simply supported span
(b) on a 25-foot simply supported span

(c) on a 20-foot simply supported span

2114
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BASIC NAVAL ARCHITECTURE

Unit Number: 32

Title: The strength and structure of ships - 3
Tape Running Time: 32M 11S

Reading Assignment: No new material

Additional References: PNA, pp 167-171, 181-185

Scope:

Calculation of the moment of inertia and the section modulus of a structural
section using a tabular format is presented. Application of the Transfer of
Axes Theorem is explained. An example of stress analysis is developed using a
typical structure found on ships.

Key Points to Emphasize:

1.

5.

Go over the Transfer of Axes formula carefully. This is always a source
of confusion. Minimum inertia (for a homogeneous material) always occurs
at the centroidal axis.

Go over the example of the calculation of the section modulus in detail.
Emphasize tabular format. Motivator 1is calculation of ship section
modulus (although the units of I are different). See Fig., 15, 16, PNA,
pp 183.

Go over stress analysis example. Explain why the bracket and connections
lead to modeling the structure with built-in ends.

Review the information given in Steel Handbook, "Beam Diagrams and
Formulas", pp 2-114 to 2-125. Discuss other information that can be
obtained from this source.

Explain the calculation of maximum stress and where it occurs. Ask class
whether it is comprehensive or tensile.

Suggested Problem Assignment: 60, 61
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THE STRENGTH AND STRUCTURE OF SHIPS
BASIC CONCEPTS - EXAMPLE
SOLUTION (CON'T)
- THE AREA IS: 24,5 N%

- THE HEIGHT OF THE NEUTRAL AXIS IS:
7.98 IN. ABOVE THE B
- THE MOMENT OF INERTIA IS: 2oz2.5 1N'asouT tue B

BUT THE MOMENT OF INERTIA MUST BE TRANSFERRED TO THE
NEUTRAL AXIS (CENTROID).

USE THE TRANSFER OF AXES FORMULA AGAIN

Io'-' It- Ayz

WHERE I, =  MOMENT OF INERTIA ABOUT CENTROID.
" Iy =  MOMENT OF INERTIA ABOUT B .
A = AREA OF SECTION.

Y = TRANSFER DISTANCE FROM ® TO CENTROID.



THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - EXAMPLE

SOLUTION (CON'T)

THEN, T, .= Tg - Ay?
4 2 -
To,a= 20225 in* - (24.5 1N )T7.98 1)
LToa = 20225 IN* - 13c0.2 T

ALSO THE DISTANCE, ¢, TO THE BOTTOM FLANGE IS
Caor = T.98 1N

SO THAT Cvop = 'V 2D 1N =T1.98. 1N = 3.27 ™,
4 3
S - 1 L 4ez.3 Wt L oo u
51'0? . I _ 4¢2.3 N - 141.4 &

Cropr  3.27T 1~




THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - EXAMPLE

TIE DECK SHOWN BELOW IS TO BE DESIGNED FOR A
HEAD OF SALTWATER OF 15 FT.

THE ALLOWABLE STRESS FOR THIS STRUCTURE IS
oL T 20,000 LBS/INZ,

FIND THE LOCATION AND MAGNITUDE OF THE
MAXIMUM BENDING STRESSES AND WHETHER OR NOT
THESE STRESSES WILL EXCEED THE ALLOWABLE

STRESS.
v ] 11
—l'-c-1—- 20-0—- - - . ~ z'-c'-»—r- z‘~¢'—»r z‘-e'-o—l .
11 L 1
/ \:u

THE PLATING AND STIFFENERS SHOWN ARE THOSE OF
THE PREVIOUS EXANMPLE.

. e O™ 7 5o

L) - & - '




*Ld/S47 00%°'T = 1d §°T X (1d/S4T 096

+1y04dns Ol IAVH TTIA TINNd
dL CHIQIA NI 1d S°C ¥0 ‘,0f SI T3NVd HOVE

tdd/S€T 096 = L4 ST X mhm\mmg b9

40 3YNSSIUd
¥ L¥3XT TTIA HOIH 14 ST X gld T ¥3ILVA LTVS
40 NNATO0D Y mhm\mmq §9 SHOIAA YALVA LTVS

- O f——o=

= \1,,
mm 2T

id/ca" OO0y 2

«NI-1TIN€., SY AN HOVI TIAON
"NOILVIOY ILNJIAIYd ATIAILIO3IIT TTIA ANY AAVIH

JYY NVdS dHL 40 ANI HOVI LV SI3NDVyd JHL

dTdRVXd - SLdIIDNOD DISvVd

SdIHS 40 JYNLONYLS QANY HLONIYLS dIHL

- o -

22,{



[

THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - EXAMPLE

FROMN THE MANUAL OF STEEL CONSTRUCTION THE
FOLLOWING INFORMATION IS OBTAINED:

1S. BEAM FIXED AT BOTH ENDS—UNIFORMLY DISTRIBUTED
LOADS
Yotal Equiv. Uniformlosd . . . . = L3
]
ReV . . . . ... ... = —';—
Ve c v e e e e e e e . mw (1‘- —
] mnx.( at ende ) ....... ':';
My (lt conter') ....... -':!-:—.—
. My . . L. s e e e e "'1:5""""""
LI ;_"o Amax. (nt oontor) ....... ﬁ-’;—'
}, Momant M mea. wnt

A""""""-W(‘-.).
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THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - EXAMPLE

CAUTION! 1IN STRUCTURAL PROBLEMS YOU WILL
FIND A STRANGE MIX OF UNITS - TONS, TONS/FT,
TONS/FT2, LBS, LBS/FT, LBS/FT2, LBS/IN%, IN,

INZ, IN3, IN4, IN2-FT2, AND SO ON.

JUST BE CAREFUL TO KEEP YOUR UNITS STRAIGHT!
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THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - EXAMPLE

SINCE THE SECTION MODULUS IS CONSTANT ACROSS
THE SPAN, THE MAXIMUM STRESS WILL OCCUR AT
THE LOCATION OF THE MAXIMUM BENDING MOMENT.
IN THIS CASE, THE MAXIMUM BENDING MOMENT
OCCURS AT THE ENDS AND IS:

wl
Max 12

THE KEY RELATIONSHIP IS

M M

T Il T s

THE SMALLER VALUE OF S WILL GIVE THE LARGER
STRESS. THIS WAS '

3
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THE STRENGTH AND STRUCTURE OF SHIPS

BASIC CONCEPTS - EXAMPLE

CONCLUSION
wi?
M=z
W = 2400 Les/eT

r-
1]

20.0 rT (BMETWEEN TOES OF BrRACKET)

M - (2400 22)(20.0 e7)*

\2

80, 000 FT-LBS
S m—

_—

™M

1}

80,000 AT-Lms x '—f—% = 960,000 N-LB

M M 960,000 IN-LB _ Les
O = /e a 5 - ) TV 16,580 ot

THE MAXIMUM BENDING STRESS WILL OCCUR AT THE
TOES OF THE SUPPORT BRACKETS IN THE FLANGE OF
THE STIFFENER AND IS BELOV THE ALLOWABLE
STRESS 0S 20,000 LBS/INZ.




BASIC NAVAL ARCHITECTURE

Problem 60

Problem Level: Basic

A shop gantry supports a chain hoist. The gantry beam is a mild steel

W10 x 30 with a yield strength of oy = 32,000. Find the maximum load the
chain hoist can 1ift with a factor of safety (on yield strength) of 1.5.
Neglect the weight of the beam and the chain hoist.

PP YT T Y Y YT VY VYV VYT T PV Y PP VNV VRV VYV VRV IV XTIV Yy

Question: What end conditions will you assume in your analysis?

Note: The properties of the section may be found from tables in the appendix
taken from Manual of Steel Construction.

4
3
oy



Problem 6]

Problem Level: Basic

For each o
(a)
(b)
(c)

(d)

(e)

f the following shapes find:

the cross sectional area in 1n2.

the location of the neutral axis above the base 1ine in inches,

the moment oflinert1a of the section about the neutral axis in 1n4.

the section modulus of the section 1) to the upper flange, and 2) to
the base 11ine,

The weight of each shape 1s proportional to 1ts cross sectional area.
By comparing the section modulus (smaller) to the cross sectional
area infer which section is most efficient in terms of strength per
unit weight and which section 1s least efficient.

4

S| b 5

f,
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BASIC NAVAL ARCHITECTURE

Unit Number: 33
Title: The strength and structure of ships - 4
Tape Running Time: 3gM 228

Reading Assignment: MSD, pp 210-212

Additional References: INA, pp 82-91

PNA, pp 168-171 (repeated)

Scope:

Strength curves for a barge example are developed. Classification of loads by

type

is discussed.  The key events in the structural design cycle are

described., ABS Rules are introduced.

Key Points to Emphasize:

1.

2.

5.

Go over the barge strength curve example in detail. Try to straighten out
the sign convention mess in the student's mind. Again, emphasize physical
meaning -- hogging, sagging, tension, compression.

As in previous examples emphasize graphical interpretation of curves --
area, ordinate, slope, curvature.

Make the point at this stage -- maximum bending stresses usually occur in
the midships region in the deck and on the quarter points at the neutral
axis which is oftentimes in the vicinity of the waterline.

Review classification of loads and key events in the design cycle.
Emphasize iterative nature of design cycle.

At this stage the only point to be made about ABS Rules is that they
exist. Show ABS Rule Book in class but don't go into much detail.

Suggested Problem Assignment: 62 or 63, 64

DT



THE STRENGTH AND STRUCTURE OF SHIPS

LOADS ON THE SHIP'S STRUCTURE

CLASSIFICATION OF LOADS

« PRIMARY LOADS - DOMINANT LOADS WHICH DRIVE THE
OVERALL STRUCTURAL DESIGN, E.G., WAVE-INDUCED
LONGITUDINAL BENDING LOADS

« SECONDARY LOADS - SIGNIFICANT LOADS WHICH AFFECT

LARGE LOCAL AREAS OF THE STRUCTURAL DESIGN, E.G.,
HYDROSTATIC LOADS

- TERTIARY LOADS - SMALLER LOADS WHICH AFFECT SMALLER
LOCAL AREAS AND STRUCTURAL DETAILS, E.G., EFFECT OF
MACHINERY WEIGHTS ON STRUCTURAL FOUNDATIONS
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THE STRENGTH AND STRUCTURE OF SHIPS

LOADS ON THE SHIP'S STRUCTURE

CLASSIFICATION OF LOADS BY DYNAMIC TYPE

1.

STATIC LOADS.

- LONGITUDINAL BENDING MOMENTS ARISING FROM
DIFFERENCE IN DISTRIBUTION OF WEIGHT AND
BUOYANCY IN STILL WATER

- WEIGHTS OF STRUCTURE, EQUIPMENT AND MACHINERY
- CARGO WEIGHT

- DRYDOCKING LOADS
- THERMAL LOADS
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THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN STILL WATER

CONSIDER AN IDEALIZED RECTANGULAR BARGE UNIFORMLY
LOADED IN STILL WATER.

, ' : :
1L |
b2 3 'y
wL | | 1
' [ 1 ——

TOGNS OF WEIGHT OR

BUOYANCY PER FT. WEIGHT & BUOYANCY
*// CURVE
Y BASE

THERE IS NO DIFFERENCE BETVEEN THE WEIGHT LOAD AND
THE BUOYANT SUPPORT, THUS THERE IS NO BENDING MOMENT.

)



THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN STILL WATER

NEXT, CONSIDER THE SAME BARGE LOADED WITH CARGO IN
HOLDS NO. 2 AND 3.

wl i
)/

WEIGHT
BUOYANCY

BASE

CONDITIONS FOR EQUILIBRIUM:

« THE TOTAL AREA UNDER THE WEIGHT CURVE MUST EQUAL
THE TOTAL AREA UNDER THE BUOYANCY CURVE.

« THE CENTROID OF THE AREA UNDER THE WEIGHT CURVE
(LCG) MUST BE IN THE SAME LONGITUDINAL LOCATION
AS THE CENTROID OF THE BUOYANCY CURVE (LCB).
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THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN STILL WATER




THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN STILL WATER

THE ORDINATE OF THE SHEAR FORCE CURVE AT A POINT IS
EQUAL TO THE TOTAL AREA (POSITIVE AND NEGATIVE) TO
THE LEFT OF THE POINT ON THE LOAD CURVE.

THE ORDINATE OF THE BENDING MOMENT CURVE AT A POINT
IS EQUAL TO THE TOTAL AREA (POSITIVE AND NEGATIVE) TO
THE LEFT OF THE POINT IN THE SHEAR FORCE CURVE.

BENDING
MOMENT

/ BASE

> \/HE}‘
LOADING FORCE
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THE STRENGTH AND STRUCTURE OF SHIPS

RECTANGULAR BARGE EXAMPLE (CON'T)

SOLUTION

ASSUME THE WEIGHT PER FOOT OF THE BARGE BEFORE
LOADING IS CONSTANT.

STEP 1. FIND THE WEIGHT PER FOOT OF THE EMPTY
BARGE.

LxBxT IOOET *2S FT * 2 FT
w, = A, = 35 = 35 FT3/TONM

W o= 43,0 T

/e = W, 1430 ToMs
WT/FT L - Nolo TR Y
WT/ET = .43 TONS/F-T

@\
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THE STRENGTH AND STRUCTURE OF SHIPS

RECTANGULAR BARGE EXAMPLE (CON'T)

STEP 2. FIND THE BUOYANCY PER FOOT OF THE BARGE
AFTER LOADING.

THE LENGTH OF EACH COMPARTMENT IS
100.0 rT/4 =250 FT

THE TANK WILL BE LOADED TO A DEPTH OF

S.O FT * A0 = 1.8 FT,

TAXE THE SPECIFIC VOLUME OF FRESH WATER TO
BE 36 FT3/TON. THEN THE VEIGHT OF THE
WATER IN EACH TANK IS:

W o= 295.0 FT x 250 FT * |.8¢T
- FT®*/ToN

W = 31.25 LT



THE STRENGTH AND STRUCTURE OF SHIPS

RECTANGULAR BARGE EXAMPLE (CON'T)

STEP 2. (CON'T)

THE WEIGHT PER FOOT OF THE WATER IN
THE TANK WILL BE:

_ 31.25 ToNsS
WT/FT = 5= =

WT/ET = 1.2 TonsS/FT

THEN
A = 143,00 (sMe1Y WE!&"HT')
+ 3. 25 (LoAD)
+ 3. 25 (LoAD)
A = 205.5 LT

AND THE BUOYANCY PER FOOT WILL BE

_ 2055 ToNs
BUOY./FT = =222 222 - 2.0S5 TouskT
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THE STRENGTH AND STRUCTURE OF SHIPS

RECTANGULAR BARGE EXAMPLE (CON'T)

STEP 8. PLOT THE BENDING MOMENT DIAGRAN.

PENDIN
Mo e Hg
390.6 ?

195.3-

FT-TONS

\\\.\x |
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THE STRENGTH AND STRUCTURE OF SHIPS

RECTANGULAR BARGE EXAMPLE (CON'T)

STEP 9. (CON'T)
AT THE 75'-0" BHD:

. Mis 41953 Fr-Tons , 2240 LBs
DK S T 47.7 IN*-FT { ToN
roe

Tpe = 2,962 wBs/im? (COMPRESSION)

g = Mis _ +1953 FT-ToNs = 2240 LBs
sov Seor  |T4.55 IN2-FT 1 ToN
Taor=

;= 2,506 LBs/IN? (TENSION)




THE STRENGTH AND STRUCTURE OF SHIPS

RECTANGULAR BARGE EXAMPLE (CON'T)

STEP 9. (CON'T)

AT THE &) BHD:

_ 8
=-+390.& FT-TONS _ 2240LBs _ 5924 L8s (<)

GBK., - |4 T. i 4 IN2- FY 1 TON b
_+390.6 FT-TONS 2240 LwSs _ LBS
Toor = 74,55 imvoer " Trom = >°2 i (7)

AT THE 25'-0" BHD:

_+ 1953 FT-TONS = 2240 8BS _ LBS
o = 147.7  INT=FT _ ~— { Tou =2,962 3= (<)

_4195.3 FT-TONS 2240 L 8BS L8sS (T
a;""' 4.5 Ni-ET ¢ T {Tom | o20¢ s € )
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THE STRENGTH AND STRUCTURE OF SHIPS

RECTANGULAR BARGE EXAMPLE (CON'T)

STEP 10. PLOT THE STRESSES IN THE DECK AND BOTTON.

So3 - — TEMSIONM
]
22506 -
NN OSTRESS
az’%z SRS S Y
5924 —— COMPRESSION

DECK



Problem 62
Problem Level: Intermediate

Compute the area centroid, and moment of inertia of the plane areas shown

below. Use the units indicated for each problem.

(a) Panel of stiffened steel plate. (Area = in? centroid = tn, 1= inh)

- — 30 .
| [
1 BIE ;

(b) Midship se§t1on of double bottom bgrgs.
(Area = in‘, centroid = ft, I = in“ft%)

c——
—~— Q>

L



BASIC NAVAL ARCHITECTURE
Problem 63
Problem Level: Intermediate

The effective continuous longitudinal structure at the midship section of a
vessel {s shown below., The maximum design bending moments at this location
are:

Maximum hogging moment: 80,000 ton-ft
Maximum sagging moment: 60,000 ton-ft
Calculate the Section Modulus of the vessel at this location and the bending

stresses which the above bending moments will produce. Use a tabular format
for the calculation. ‘

fe 40'-0

-1

40.8* B THR'oUT,

[} 1]

18-0

4-0

{

7
“



Problem 64
Problem Level: Basic

An analysis has been made of the bending moments of a 528'-0" cargo vessel on a
L/20 wave:

Maximum hogging moment 360,000 ft-tons

60,000 ft-tons

Maximum sagging moment

The Moment of Inertia and location of the Neutral Axis have been calculated to
be:

Ina = 1,080,000 inZ-ft2
Cqr - 24.44 ft
Coot = 20.23 ft
D = 44.63 ft
I
Find: (a) Section Modulus, — for both top and bottom (Units: in?=ft)

(b) Maximum stress in hogging and sagging condition in the deck and
in the bottom (4 conditions)., State whether thg stress is
tensile or compressive. (Units for stress = 1bs/in‘)

Be careful about units in this problem,
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BASIC NAVAL ARCHITECTURE

Unit Number: 34
Title: The strength and structure of ships - 5
Tape Running Time: 3™ 0S

Reading Assignment: MSD, pp 212-216

Additional References: INA, pp 92-96

PNA, pp 172-191

Scope:

In this unit treatment of strength curves progresses from the example of the
barge in still water of the last unit to ships in standard waves. Example
curves taken from PNA are presented. Classification societies are discussed
further and ABS longitudinal hull girder strength requirements are outlined.
A method of estimating design bending moments is given. Difference between
strength and stiffness is defined.

Key Points to Emphasize:

1. Suggest making transparencies of key figures in PNA, pp 172-191. Stress
Figs. 6, 9, 10, 11, 14, 15, 16 and 19 (important). Cover as much as time
will permit.

2. To spend time on ABS Rules at this stage would be nice if tne time were
available -- but it's not. Better simply to emphasize that the rules are
there and that anyone involved in structural design should be intimately
involved with them.

3. Emphasize difference between strength and stiffness.

Suggested Problem Assignment: 65
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THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN STILL WATER

ACTUAL SHIP CURVES IN STILL WATER

OYANCY CURVE
N
EIGHT CURVE
N L
Vi o:nw:’c':. \o’uoucu y
/] __’
/ DEFLECTION CURVE /
, e SRNL
/ STRESS CURVE-DECK | N
.. N, N TENSION
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G T ] 4 13 0 3 / 0 ls"‘”
el T T e A e v e 7Y, G \ | &= COMPRESSION
SHEAR CU
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THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN WAVES

SAGGING AND HOGGING CONDITIONS

O /f/777f/‘/‘/7777rf —————————————— W } - ——
W' 727 777

 — %7——‘“?
. m— v/

(c) VESSEL IN HOGGING CONDITION
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THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN WAVES

TYPICAL WEIGHT AND BUOYANCY CURVES

LOAD | WEIGHT

HULL WEIGHT

BASE LINE—, i

BUOYANCY CURVES

STILL-WATER CONDITION
SAGGING CONDITION
HOGGING CONDITION

= gl -
n n n



THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN STILL WATER

SHIP CURVES - SAGGING CONDITION
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11
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| -
0 . 3 4 12 10 ® 6

TENSION
STRESS

COMPRESSION



THE STRENGTH AND STRUCTURE OF SHIPS

LONGITUDINAL BENDING MOMENT IN WAVES

SHIP CURVES - HOGGING CONDITION
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THE STRENGTH AND STRUCTURE OF SHIPS

ABS REQUIREMENT-LONGITUDINAL HULL GIRDER

STILL WATER BN, Mg = (Cgp) (LE72B) (Cp + .5)

Cst = LENGTH-DEPENDENT COEFFICIENT
L, B = LENGTH, BEAM
C, = BLOCK COEFFICIENT

WAVE INDUCED MOMENT, My = (Cz)(L’°B)(H)(Kb)
Cg = BLOCK-DEPENDENT COEFFICIENT
H = WAVE BEIGHT PARAMETER DEPENDENT ON SHIP
LENGTH

K, = ANOTHER BLOCK-DEPENDENT COEFFICIENT
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THE STRENGTH AND STRUCTURE OF SHIPS

STRENGTH AND STIFFNESS

« THE STRENGTH OF A STRUCTURE IS ITS ABILITY TO
WITHSTAND THE LOADS IMPOSED ON IT.

- THE STIFFNESS OF A STRUCTURE IS ITS RESISTANCE TO

DEFLECTIONS WITHIN THE ELASTIC LIMIT OF THE
MATERIAL.




BASIC NAVAL ARCHITECTURE

Problem 65

Problem Level: Advanced

Part A: A rectangular barge has the following dimensions:

Lpp = 210'-0
B = 60'-0"
D = 20'-1"

The barge is divided into 18 holds by two longitudinal bulkheads at 20-ft
spacings and five transverse bulkheads at 35-ft spacings.

[~ Cwo’-0” > ‘iﬂ— Go 0>
T 1 T ] B3 T
| | i | | 2o’~* |
i | | I I v |

| 20| zo’| 20° l

35| 35 | e | 2|

| 35| 3577

ﬁ@ lﬁf |52I’5 Iié ]”

# % g ar

7 ”5’—1-
LA bR

e Id/.? [‘/o | 7 |t4| o

With no cargo on board (light ship) the barge floats in salt water at a draft
of 2'-0" fore and aft. Holds 1 through 6 and 13 through 18 are now filled to
the top with petroleum products at 40 ft3/ton. Holds 7 through 12 are left
void. Note that the molded depth of the tanks is 20.00'.

Assuming the structural weight of the barge is uniformly distributed plot the
load, shear force, and bending moment curves. Take buoyancy, shear force up,
and sagging moments as positive. Use 10 x 10 to the 1/2-inch graph paper and
plot the curves using instruments (French curve and straight edge) to the
following scales:




BASIC NAVAL ARCHITECTURE

Problem 65 (continued)

Problem Level: Advanced

Part B:

2)

Length = 1" = 35

Weight and Buoyancy = 1" = 10.00 tons/ft
Shear Force = 1" = 500 tons
Bending Moment = 1" = 10,000 ft-tons

A simplified midship section drawing of the barge is shown below.

20'-\
e 20'-0“—~L— 20'-0"—4—— 2o'-o"—--|

The barge is constructed of 20.4# steel plate throughout. Find the
height of the neutral axis above the base line (in feet agd decimals)
and the section modulus of the deck and bottom (in -ft). Use
standard tabular format for the calculation.

Under extreme loading conditions and in an L/20 trochoidal wave it is
calculated that the barge would experience the following bending
moments:

Hogging: 80,000 ft-tons
Sagging: 60,000 ft-tons

Find the stresses in the deck and bottom for each case and specify
whether they are tensile or compressive.

A strength analysis indicatgs the barge will fail in tension at a
critical stress of 12 tons/in¢ and gou]d fail in compression by buckling
at a critical stress of 9 tons/in“. Determine whether or not failure
will occur in any mode. Find the factor of safety against failure in
each mode.
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BASIC NAVAL ARCHITECTURE

Unit Number: 35
Title: The strength and structure of ships - 6
Tape Running Time: 34M 185

Reading Assignment: MSD, pp 216-219

Additional References: SDC, pp 339-357

INA, pp 60-74 (repeated)

Scope:

Properties of shipbuilding steels are discussed together with the tensile test
and Charpy vee-notch test for measurement of properties. Other material tests
are not discussed. Properties of aluminum and GRP are described briefly.
Types of steel shapes are described together with derived shapes (I-T's,
C-L's, built-ups, etc.)

Key Points to Emphasize:

1.

4.

With this unit we are proceeding into an area which will have more direct
relevance to many students. Use SDC heavily as reference for remaining
units on structure. If time permits discuss other types of material tests
-- Brinell hardness, Rockwell hardness, fatigue, etc.

In this unit emphasize types of stiffeners -- standard, modified and
built-up. Discuss plate-stiffener combinations and the trade-offs between
material costs, labor costs, and weight in selecting the stiffener type.

The video tape makes the point that "weight is money" which in large part
is true, but with exceptions, for example in a non-weight-critical ship,
it may pay to oversize some stiffeners and/or plating to reduce the number
of sizes ordered, reduce handling and inventory costs and improve
producibility. Suggest opering this subject for active class discussion.

If sponsoring institution is a shipyard discuss in as much detail as time
permits shipyard practices in this area.

Suggested Problem Assignment: 66, 67
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THE STRENGTH AND STRUCTURE OF SHIPS

SHIPBUILDING STEELS

THE DESIRABLE QUALITIES IN SHIPBUILDING STEELS ARE:

STRENGTH. THE PRINCIPAL INDICATOR OF STRENGTH IS THE

YIELD STRENGTH.

TYPE STEEL
ORDINARY STRENGTH STEELS
- ABS GRADES A,B,D,E,CS,DS
HIGHER STRENGTH STEELS
- ABS GRADES AH32, DH32, EH32
- ABS GRADES AH36, DH36, EH36
MILITARY HIGHER STRENGTH STEELS

- HY-80
- HY-100
- BHY-130

YIELD POINT

34,000 PSI

45,500 PSI
51,000 PSI

80,000 PSI
100,000 PSI
130,000 PSI



THE STRENGTH AND STRUCTURE OF SHIPS

SHIPBUILDING STEELS
DESIRABLE QUALITIES:

DUCTILITY. DUCTILITY IS THE ABILITY OF A METAL TO
DEFORM WITHOUT BREAKING. STEELS LOSE THEIR DUCTILITY
AND BECOME BRITTLE AS TEMPERATURE IS LOWERED AFTER
THEY PASS THROUGH A TRANSITION TEMPERATURE RANGE.

INDICATORS OF DUCTILITY ARE PERCENT ELONGATION AND
- PERCENT REDUCTION IN AREA IN THE TENSILE TEST.
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THE STRENGTH AND STRUCTURE OF SHIPS

ALUMINUM

ALUMINUM IS AVAILABLE IN YIELD STRENGTHS COMPETITIVE
WITH STEEL, BUT THE MODULUS OF ELASTICITY IS ONE
THIRD THAT OF STEEL, WHICH MEANS THAT FOR A GIVEN
LOAD IT WILL DEFLECT THREE TIMES AS MUCH AS STEEL.

FOR THE SAME STRENGTH AN ALUMINUM STRUCTURE WILL
WEIGH 45-50% AS MUCH AS A STEEL STRUCTURE

ALUMINUM SUPERSTRUCTURES HAVE BEEN USED ON ALL RECENT
CLASSES OF U.S. FRIGATES, DESTROYERS AND CRUISERS,
BUT BECAUSE OF ITS POOR FIRE RESISTANCE ITS FUTURE
USE IN NAVAL SHIPS IS IN DOUBT.

ALUMINUM IS USED EXTENSIVELY IN HIGH-SPEED SMALL

SHIPS SUCH AS HYROFOIL CRAFT, GUNBOATS, SES AND ACYV
CRAFT.
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THE STRENGTR AND STRUCTURE OF SHIPS

HOT ROLLED STEEL SHAPES

CHANNELS

C SHAPES

(AMERICAN STANDARD CHANNELS)
(3" TO 15" DEPTH, 4.1 TO 50 LBS/FT)

MC SHAPES

(MISCELLANEOUS CHANNELS)
(6" TO 18" DEPTH, 12 TO 58 LBS/FT)

ANGLES
L SHAPES

(ANGLES, EQUAL AND UNEQUAL LEGS)
(2" X 2" X 1.65 LBS/FT x

TO 9" X 4" X 26.3 LBS/FT)

-<
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THE STRENGTH AND STRUCTURE OF SHIPS

HOT ROLLED STEEL SHAPES

TEES

- STANDARD TEES ARE MADE BY SPLITTING W, M, OR S
SHAPES IN THE MIDDLE OF THE VWEB

- AVAILABLE FROM 1.5" TO 18" DEPTH, 6.5 TO 150
LBS/FT

- SPLIT AT THE MILL OR IN THE SHIPYARD.

- TEES CAN ALSO BE MADE BY CUTTING THE FLANGES OFF
W, M, OR S SHAPES

- USUALLY DONE AT THE SHIPYARDS.

- DEEPER ANGLE SECTIONS CAN BE MADE BY CUTTING THE
FLANGE FROM A CHANNEL SHAPE.
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THE STRENGTH AND STRUCTURE OF SHIPS

WEIGHT OF STEEL PLATE

REMEMBER THIS NUMBER!!

ONE SQUARE FOOT OF STEEL ONE INCH THICK WEIGHS 40.8

LBS
THEN 1/2" =  20.4 LBS/FT?
1/4" = 10.2 LBS/FT?
7/16" = 17.85 LBS/FT?* . . . ETC.

P15



THE STRENGTH AND STRUCTURE OF SHIPS

STIFFENERS

MANY SHIP STRUCTURES CONSIST OF STIFFENED PLATING.

SINCE WEIGHT IS MONEY THE OBJECTIVE IN SELECTING
PLATING-STIFFENER COMBINATIONS IS TO GET THE MAXIMUNM
SECTION MODULUS FOR THE MINIMUM WEIGHT.

STEEL IN THE FLANGES OF A W, M, S OR C SHAPE ADJACENT
TO THE PLATING HAS THE UNDESIREABLE EFFECTS OF
INCREASING THE WEIGHT AND INCREASING THE STRESS IN
THE OUTER FLANGE OF THE STIFFENER.
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THE STRENGTH AND STRUCTURE OF SHIPS

STIFFENERS

COMMONLY USED STIFFENERS

rrcy?in1T 71 .
T T S | -

'FLANGED BUILT-UP
PLATE TEE
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THE STRENGTH AND STRUCTURE OF SHIPS

EFFECTIVENESS OF SECTIONS
MESSAGES:

THE MOST EFFICIENT DISTRIBUTION OF MATERIAL AS FAR AS

BENDING STRESSES ARE CONCERNED IS THAT WHICH PLACES
THE MATERIAL AT THE GREATEST DISTANCE FROM THE
NEUTRAL AXIS.

HOWEVER, IF THE NEUTRAL AXIS IS AT SOME DISTANCE FROM
THE HALF-DEPTH OF THE SECTION STRESSES IN THE FLANGE
FARTHER FROM THE N.A. WILL BE SIGNIFICANTLY, GREATER.

ALSO, RECALL THAT SHEAR STRESSES ARE GREATEST AT THE
NEUTRAL AXIS, MATERIAL IN THE WEB IS IMPORTANT IN
RESISTING SHEAR STRESS.




BASIC NAVAL ARCHITECTURE

Problem 66

Problem Level: Intermediate

The purpose of this problem is to give the student some exposure to ABS Rules.
Sections 11.5 and 11.7 of the Rules are attached to the problem and Section 11
is reproduced in the appendix.

A system of longitudinal girders and transverse deck beams support a freeboard
deck. Each girder supports a 20-ft breadth of deck. The span between the
pillars supporting the girders is 20'-0". Brackets are not fitted. The height,
h, for the beams supported has been found from Section 10 to be 7.5 ft.

The upper flange of the girder consists of an effective breadth of 40.8 1b
plate of 60 inches. The girder is to be built up as a tee with a 30.6 1b plate
web and a 40.8 1b plate flange. The ratio of the depth of the girder (below
the deck) to the width of the flange is to he 2.0.

Determine the depth (below the deck) and the flange width of the girder.

Comment: An analytical solution to this problem is possible, but very messy.
Try a range of girder depths (below the deck) from 14 to 16 inches. Pick the
depth to roughly a half-inch that satisfies the section modulus requirements
determined from the Rules.
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BASIC NAVAL ARCHITECTURE

Problem 67

Problem Level: Basic

The flanges of a W10 x 30 are to be cut off to form a tee of the same depth,
as shown below.

Compute the following properties of the resulting section:

Area
Depth

Ix-x
Ctop
Stop
bot
bot

Neglect the effect of fillets and treat the web and flange as simple rectangles.

o

S

»wwmmwzwmmnzz
7

Comments: The purpose of this problem is to illustrate the procedure by hand
calculation. In practice, it is much easier to look up the properties of
W-Ts and I-Ts in the handbook cited in Problem 66. Because of the assumption,
the properties you find will differ slightly from the tabulated values.
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BASIC NAVAL ARCHITECTURE

Unit Number: 36
Title: The strength and structure of ships - 7
Tape Running Time: 33M ¢S

Reading Assignment : MSD, pp 219-220

Additional References: SDC, pp 275-278, 280-288

Scope:

This discusses common causes for structural failures including Tlocal
plasticity, column and plate buckling, brittle fracture, fatigue cracking,
stress concentrations. The importance of structural continuity is
discussed. Hard spots, crack arrestors are illustrated. Causes for cracking
are outlined.

Key Points to Emphasize:

1. If possible obtain photographs of structural failures, particularly
buckling and cracking, to illustrate this unit.

2. Emphasize stiffened plate buckling modes with supplemental examples.

3. Discuss S-N diagrams, fatigue and fatigue cracking, influence of
temperature.

4. Discuss brittle fracture, hard spots, stress concentrations. Use Liberty
Ship example, or preferably, more recent examples which have been repaired
in the shipyard.

5. Stress the importance of structural continuity. Try to develop in the
student an intuitive feeling for load paths and stress flow.

6. Emphasize the importance of correct structural details and good
workmanship in avoiding structural failures.

Suggested Problem Assignment: 68
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THE STRENGTH AND STRUCTURE OF SHIPS
FAILURE MODES (CONT)

3. FRACTURE

THERE ARE THREE TYPES OF FRACTURE

.A. IF THE STRESS IN A STRUCTURAL COMPONENT
EXCEEDS THE ULTIMATE TENSILE STRENGTH THE
COMPONENT WILL FAIL BY TENSILE RUPTURE.

B. AS THE TEMPERATURE OF STEEL IS LOWERED THE
DUCTILITY OF STEEL DECREASES, AND THE STEEL
BECOMES MORE BRITTLE. AFTER THE
TEMPERATURE PASSES THROUGH A TRANSITION
RANGE THE FRACTURE MODE CHANGES FROM
DUCTILE TO BRITTLE. BRITTLE FRACTURES
USUALLY ORIGINATE AT A STRESS CONCENTRATION
POINT AND PROPAGATE VERY RAPIDLY.
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THE STRENGTH AND STRUCTURE OF SHIPS

STRUCTURAL CONTINUITY

AN IMPORTANT OBJECTIVE IN STRUCTURAL DESIGN IS TO
PROVIDE CLEAR LOAD PATHS FROM THE POINT OF
APPLICATION OF THE LOAD TO THE SUPPORTING STRUCTURE.

DISCONTINUITIES AND MISALIGNMENT OF STRUCTURAL

MEMBERS CAN CAUSE STRESS CONCENTRATIONS THAT LEAD TO
LOCAL CRACKING.

SPECIAL ATTENTION IS REQUIRED AT THE INTERSECTION OF
TWO OR MORE LOAD BEARING MEMBERS. FOR EXAMPLE, THE
INTERSECTION OF LONGITUDINAL AND TRANSVERSE
BULKHEADS, OR THE INTERSECTION OF A TRANSVERSE
BULKHEAD WITH LONGITUDINAL GIRDERS CAN CAUSE HARD
SPOTS WHICH WILL BE A SOURCE OF STRESS
CONCENTRATIONS.




THE STRENGTH AND STRUCTURE OF SHIPS

STRUCTURAL CONTINUITY

HARD SPOTS
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THE STRENGTH AND STRUCTURE OF SHIPS

CRACK ARRESTORS

A CRACK, ONCE STARTED, BECOMES A STRESS CONCENTRATION
POINT WHICH ENCOURAGES THE PROPAGATION OF THE CRACK.

THE PURPOSE OF A CRACK ARRESTOR IS TO PROVIDE A
BARRIER BEYOND WHICH THE CRACK CANNOT PROPAGATE.

RIVETED ARRESTOR

- — HULL PLATE

A v

(B) INSERTED TYPE lC‘ NE DEDP TCH TYPE

%ﬂ

(E) ODITCH TYPE

ENER TYPE



THE STRENGTH AND STRUCTURE OF SHIPS

CAUSES FOR CRACKING

CURRENTLY, BRITTLE FRACTURE AND FATIGUE ARE THE MAJOR
CAUSES OF CRACKING

CRACKS ARE GENERALLY INITIATED AT POINTS OF STRESS
CONCENTRATION WHICH CAN BE DUE TO:

A. DESIGN DEFICIENCIES
o CUTS IN HIGHLY STRESSED AREAS
o ABRUPT CHANGES IN CONTINUITY
B. POOR WORKMANSHIP
o FAULTY WELDING
o ROUGH PLATE EDGES
0 MISALIGNMENT OF STRUCTURE

~ -

-7z

—



BASIC NAVAL ARCHITECTURE

Problem 68

Problem Level: Basic

In computing the properties of a panel of stiffened plating, the plate is treated
as the upper flange. The breadth of the plating is taken as the spacing between
stiffeners or the "effective breadth" of the plating, whichever is less. The
effective breadth is given by the following formula:

be - \[%::At

Y

where be = effective breadth, in. )
E = Modulus of Elasticity, 1bs/in
Fy = tensile yield strength of material, 1bs/in2
t = thickness of plating, in.

For shipbuilding steels this formula yields the following standard effective
breadths:

MS (mild steel) 60t
HTS 50t
HY 80 38t
HY 100 35t

Find the properties of the plate-beam combination with an effective breadth
of 30.6 1b mild steel deck plating and the W-T 10 x 30 tee stiffener of
Problem 67.
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BASIC NAVAL ARCHITECTURE

Unit Number: 37

Title: The strength and structure of ships - 8
Tape Running Time: 30M 225

Reading Assignment: MSD, pp 221-227

Additional References: SDC, pp 289-304

Scope:

Structural terminology originally introduced 1in Unit 6, is reviewed and
amplified. Types of framing systems, longitudinals, stringers, girders,
beams, side frames, web frames, floors are described., Single and double
bottom types of construction are described. Typical bow and stern
construction types are illustrated.

Key Points to Emphasize:

1. Structural terminology was originally introduced in Unit 6 with emphasis
on nomenclature. Some additional material is introduced in this unit,
Emphasis should be on structural function.

2. The instructor should add additional material as available. Shipyard
photographs showing structural components would be helpful if available.

3. Producibility considerations will be discussed in Unit 44; however this is
a good time to introduce the subject by discussing labor content and cost
factors for various types of construction.

Suggested Problem Assignment: 69
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THE STRENGTH AND STRUCTURE OF SHIPS

STRUCTURAL TERMINOLOGY

GIRDERS ARE MAIN LONGITUDINAL MEMBERS WHICH SUPPORT
DECK BEAMS, DECK STRUCTURE AND BOTTOM.

HATCH-SIDE GIRDERS FORM THE LONGITUDINAL BOUNDARIES
OF HATCHES.

SIDE GIRDERS RUN LONGITUDINALLY IN THE INNER BOTTOM.

7 4

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

BEAMS ARE TRANSVERSE STRUCTURAL MEMBERS WHICH SUPPORT
AND STIFFEN DECK PLATING
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THE STRENGTH AND STRUCTURE OF SHIPS

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
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THE STRENGTH AND STRUCTURE OF SHIPS
DOUBLE BOTTOM CONSTRUCTION

HOLD FRAMES
(TRANSVERSE)

INNER-BOTTOM
LONGITUDINALS

HOLD FRAMES
MARGIN PLATE (TRANSVERSE)

+ SIDE SHELL

INNER-BOTTOM CENTER

/_ PLATING /_)TEAKE

y v 4
/ 0l a

11 J1 11 @ 00
OO Ol OO0, 7 % o

// \ FRAME BRACKET
1
B80T TOM SOLID FLOOR

SIDE SOLID FLOOR LONGITUDINALS
GIRDER

CENTER,

G!RDER NONTIGHT

. SIDE GIRDER
TRANSVERSELY LONGITUDINALLY

ot

FRAMED FRAMED
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THE STRENGTH AND STRUCTURE OF SHIPS

SINGLE BOTTOM CONSTRUCTION (SMALLER SHIPS)

RIDER PLATE OF

RIDER PLATE
OF CENTER
KEELSON

SHELL PLATING INTERCOSTAL PLATE

OF SIDE KEELSON

FLAT KEEL IMBER HOLES

INTERCOSTAL PLATE
OF CENTER KEELSON
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THE STRENGTH AND STRUCTURE OF SHIPS

STERN CONSTRUCTION

PROPELLER POSTY

SECTION 9-0

(B) STERN FRAME FOR BALANCED STREAMLINED
TwO-BEARING RUDDER

Fig 74 Giern Names of single-screw ships
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BASIC NAVAL ARCHITECTURE

Problem 69

Problem Level: Intermediate

A deck panel has 30" spacing between deck longitudinals. The span between
transverse girders is 10'-0". Treating the support provided by the girders
as simple supports and considering the properties of the combined plate and
stiffener, find the scantlings of the least-weight longitudinal inverted
angle stiffeners required to support an 8-foot head of salt water if the
allowable bending stress in the flange of the stiffener is 19,000 psi and the
deck is 20.4 1b plate.

Note: See appendix to problem set for properties of angles.

Comments: You should find that each of the following angles will satisfy the
requirements, so you may confine your calculations to these sections:

5x 5x 3/8
6 x 3% x 3/8
The point of this problem is to illustrate the procedure by hand calculation;

however, there is an easier way. The following publication contains tables of
the characteristics of all the combined plates and beams used in shipbuilding:

MIL-HDBK-264(SH) 30 September 1980, "Properties of Steel
Shapes and Plate-Beam Combinations Used in Shipbuilding,"
Department of Defense, Naval Sea Systems Command.

Having determined the required Section Modules of the plate-beam combination,
the candidates can be selected and the least-weight solution determined
simply by inspection of the tables.
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BASIC NAVAL ARCHITECTURE

Unit Number: 38

Title: The strength and structure of ships - 9
Tape Running Time: 36M 128

Reading Assignment: MSD, pp 228-232

Additional References: SDC, pp 304-337

A Guide to Sound Ship Structures (GSSS), 1964, A.M.
Darcangelo, Cornell Maritime Press, pp 3-1 to 3-17

Review of Ship Structural Details (RSSD), 1977, Ship
Structure Committee (SSC)

Scope:

Types of bulkheads, their subdivision and structural functions are
described. Structural treatment of hatch corners is discussed. Various types
of structural details are illustrated. Structural function of foundations is
described.

Key Points to Emphasize:

1. Instructor should supplement video graphics with his own transparencies.
GSSS is old but still a good source of material on structural detailing.
RSSD 1is also a good source of material. Larger shipyards maintain their
own booklets of standard details and, if available, this should be a
primary source of material.

2. Presumably many of the students of this course may be very much involved
with structural details, either in design or construction. This unit is
particularly important for those students. If this is the case, the
instructur may wish to spend an additional period on the subject, even at
the expense of other material in the course.

3. Throughout, the importance of good design practice and careful workmanship
in structural details should be emphasized. Labor content and cost
factors of various types of details should be discussed. See RSSD.

4. If Problem 70 is to be assigned, the problem should be introduced and
discussed in advance. The instructor may wish to replace the cost factors
given with numbers appropriate for his shipyard.

Suggested Problem Assignment: 70

O
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THE STRENGTH AND STRUCTURE OF SHIPS

BULKHEADS

WATERTIGHT BULKHEADS REQUIRED BY ABS

1.

A WATERTIGHT COLLISION BULKHEAD IS FITTED ON ALL
VESSELS BETWEEN .05L AND .08L AFT OF THE F.P.
AND FOR THE FULL DEPTH OF THE VESSEL AT THAT
POINT. EXCEPT FOR PIPE PENETRATIONS NO

OPENINGS ARE PERMITTED IN THIS BULKHEAD.

THERE ARE SPECIAL LOCATION REQUIREMENTS FOR
VESSELS OVER 656-FT, VESSELS WITH BULBOUS

BOWS, AND PASSENGER VESSELS.

AN AFTER-PEAX BULKHEAD IS REQUIRED SO AS TO
INCLUDE THE SHAFT TUBES IN A WATERTIGHT
COMPARTMENT.




THE STRENGTH AND STRUCTURE OF SHIPS

BULKHEADS

WATERTIGHT BULKHEADS REQUIRED BY ABS

MACHINERY SPACES ARE TO BE ENCLOSED BY WATERTIGHT
BULKHEADS.

WATERTIGHT BULKHEADS ARE ALSO REQUIRED BETWEEN
THE BULKHEADS IDENTIFIED ABOVE. THE NUMBER AND
LOCATION DEPENDS ON SHIP LENGTH AND MACHINERY
LOCATION.

A SHAFT TUNNEL IS A WATERTIGHT TUNNEL WHICH IS
FITTED AROUND THE ENTIRE SHAFT BETWEEN THE ENGINE
ROCM AND THE STUFFING BOX AT THE STERN. 1ITS
PURPOSE IS TO CONTAIN FLOODING IN THE EVENT OF
DAMAGE TO THE TAIL SHAFT OR THE STERN TUBE.
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THE STRENGTH AND STRUCTURE OF SHIPS
INTERSECTIONS OF LONGITUDINALS AND TRANSVERSES

CONTINUOUS LONGITUDINALS PENETRATING TRANSVERSE
FLOORS, WEBS OR BULKHEADS

CLEARANCE CUT FOR LONGTITUDINAL

DECK OR SHELL
FLATING

—

§NIDE13' o
2x2-5EE S

N
TPENETRATED MEMBER
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TBﬁ STRENGTH AND STRUCTURE OF SHIPS
INTERSECTIONS OF LONGITUDINALS AND TRANSVERSES

CONTINUOUS LONGITUDINALS PENETRATING TRANSVERSE
FLOORS, WEBS OR BULKHEADS

LONGITUDINAL WITH LAPPED TIGHT COLLAR

FILL MITH WELD _S_P. FILL WITH

NN N N\ N\«
x ) - \(fao"
S?FE S-1 2 : =
A PLATE-A "
! e leLAPABOUT 2
—!
P s
— 4—FILL WITH WELD L
; \\ / | /’ ]
5 e IxEXAPLATE-B
S
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THE STRENGTH AND STRUCTURE OF SHIPS

BRACKETS
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THE STRENGTH AND STRUCTURE OF SHIPS

BRACKETS

L=SPAN LENGTH -
!_L/BORQD USE - DECK
GREATER /
W . . . W S S SN
SNIPE 15 15 2EE CH-5
A B
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THE STRENGTH AND STRUCTURE OF SHIPS

PILLARS AND STANCHIONS

THE TERMS ARE OFTEN USED INTERCHANGEABLY, BUT
GENERALLY A PILLAR IS A HEAVIER VERTICAL COLUMN
SUPPORTING MAIN LONGITUDINAL GIRDERS AND DEEP

TRANSVERSE BEAMS. STANCHIONS ARE LIGHTER VERTICAL
COLUMNS WHICH PROVIDE LOCAL SUPPORT.
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THE STRENGTH AND STRUCTURE OF SHIPS

DECKHOUSES

DECKHOUSE
FRONT

DECKHOUSE

FRONT \

FLEXIOLE

PLATE‘*
FLENIBLE
PLATE

DECK
PLATING
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PLATING
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THE STRENGTH AND STRUCTURE OF SHIPS

FOUNDATIONS

STEAM TURBINE, CONDENSER, REDUCTION GEAR




THE STRENGTH AND STRUCTURE OF SHIPS

FOUNDATIONS

THRUST BEARING

THRUST BEARING

PROPELLER N THRUST BEARNG
NONUNIFOF:M WAXE \
PULSATING THRUSY
==
ROCKING MOTION DUE TO
WARIATION IN THRUST . (- FOUNDATION
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THE STRENGTH AND STRUCTURE OF SHIPS

FOUNDATIONS

SMALL EQUIPMENT

BOX-TYPE FOUNDATION OF
STEEL PLATE WELDED TO DECK

FAR N EXCESS OF REQUIREMENTS

(A)

(B8)



BASIC NAVAL ARCHITECTURE

Problem 70

Problem Level: Advanced

The purpose of this problem is to compare the costs of various types of
stiffeners. The student should note that cost factors used will vary from
shipyard to shipyard and from year to year, but the important features to
observe from this problem are the sensitivity of the results to the various

factors..

A stiffened pahe1 requires stiffeners with a minimum Section Modulus of
8.7 in® (stiffener only). Identify the least-weight candidates for each of

the following type stiffeners:
Inverted angle
Standard tee
W-T
Flanged plate
Built-up tee

Results of previous problems may be used.

Estimate the cost per foot of each of the above sections using the following
cost data:

Cost of mild steel plate $0.23 per 1b
Cost of mild steel W and L shapes 0.26 per 1b
Cost of mild steel standard tees 0.27 per 1b
Credit for scrap 0.01 per 1b

Cutting: plates using 4-head burner

(4 simultaneous cuts)

20-ft plate, 26 min labor,

overhead and equipment usage 50.00 per hr
Cutting: flange removal using 4-head

burner (4 simultaneous cuts), two

20-ft W sections to be cut to T,

26 min plus 10 minutes setup, labor,

overhead, and equipment usage 50.00 per hr
Bending: Bend flange on one 20-ft plate.
Labor, overhead, and equipment usage. 36.00 per hr

Welding: machine wetding using GMAW welder.
For built-up tees weld both sides of
web to flange simultaneously. Labor,
overhead, and equipment usage. 50.00 per hr

)




BASIC NAVAL ARCHITECTURE

Problem 70 (continued)

Use the following cost factors:

Cost of mild steel plate $0.23 per 1b
Cost of mild steel W and L shapes 0.26 per 1b
Cost of mild steel standard tees 0.27 per 1b
Flange removal: burning time for each cut: 1.3 ft/min
labor (1 man & equipment)
Flange bending: time required for one
flange on a 20-ft length of plate 10 min
(2 men & equipment)
Welding: (1 man & equipment) 2.5 ft/min
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BASIC NAVAL ARCHITECTURE

Unit Number: 39
Title: The strength and structure of ships - 10
Tape Running Time: 36M 35

Reading Assignment: MSD, pp 232-233

Additional References: PNA, pp 182-184 (repeated), 59-62

SbC, pp 19-24, 36-41, 207-230

Scope:

Typical midship section drawings of various types of ships are displayed and
features pointed out. SWBS and MARAD weight classification systems are
described. Weight estimating, both in early stage design and in later stages
of design is discussed.

Key Points to Emphasize:

1.

The midship drawings used in the video tape have all been taken from
either PNA or SDC. The problem is displaying a crowded drawing on a TV
screen should be apparent. The instructor may wish to reproduce
transparencies directly from the source materials and display them on a
larger screen.

The objective should be to lead the student through the maze of crowded
notation shown on the drawings to the point at which he can read and
understand the drawing and develop a mental picture of the structure it
describes.

The importance of the weight estimate should be emphasized. The level of
detail of the estimate increases rapidly in scope as the design
progresses. If the instructor has access to a print-out of a Contractor's
Design Weight Estimate showing the thousands of line items, this would be
of interest to the students.

The importance of a formal weight control program in naval ship
construction should be emphasized.

Suggested Problem Assignment: The instructor may wish to develop and assign a

problem 1n calculating the weight of a structural assembly.
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THE STRENGTH AND STRUCTURE OF SHIPS

SHIP SECTION MODULUS CALCULATION

. INCLUDE ALL OF THE ABOVE IN CALCULATING THE Ay2
COLUMN. AREAS IN INCHES, LEVER ARMS IN FEET, UNITS
IN2-FT2.

INCLUDE ONLY VERTICAL PLATING IN Io COLUMN. NOTE
THAT FOR VERTICAL PLATING, HEIGHT, h IN FEET AND
THICKNESS t IN INCHES,

I = h3t IN2-FT2

(P.L.T.S.)
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THE STRENGTH AND STRUCTURE OF SHIPS

SHIP SECTION MODULUS CALCULATION

THE EFFECTIVE LONGITUDAL STRUCTURE UTILIZED IN
CALCULATING THE SECTION MODULUS OF THE MARINER CLASS
SHIPS IS SHOWN BELOW.
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THE STRENGTH AND STRUCTURE OF SHIPS

TANKER

MIDSHIP SECTION
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THE STRENGTH AND STRUCTURE OF SHIPS

MIDSHIP SECTION-PD 214 CONTAINER VARIANT
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THE STRENGTH AND STRUCTURE OF SHIPS

THE WEIGHT ESTIMATE (CON'T)

THE MARAD SYSTEM HAS FURTHER BREAKDOWNS WITHIN EACH
OF THE THREE MAJOR CATEGORIES. EXAMPLE.

STEEL (CODES 0 - 9)

CODE
0 FORGINGS AND CASTINGS
1 SHELL PLATING
2 FRAMING
3 DECK PLATING AND BEAMS
4 BULHEADS AND TRUNKS
5 PILLARS AND GIRDERS
6 HULL MISCELLANEOUS
1 FOUNDATIONS
8 SUPERSTRUCTURES
9 TOTAL

OUTFIT (CODES 10 - 19)
MACHINERY (CODES 20 - 29)

EACH CODE CONTAINS SUBHEADINGS FOR WEIGHT COMPONENTS
VITHIN THAT CODE.
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THE STRENGTH AND STRUCTURE OF SHIPS

THE WEIGHT ESTIMATE (CON'T)

EARLY-STAGE DESIGN ESTIMATES

IN THE FIRST DESIGN CYCLE IT IS NECESSARY TO GET A
QUICK ESTIMATE OF THE SHIP WEIGHT, BOTH LIGHT SHIP
AND FULL LOAD.

THE BEST SOURCE OF INFORMATION IS A SHIP OF THE SAME
TYPE, OF SIMILAR SIZE, AND BUILT BY THE SAME
SHIPYARD. MAKE ADJUSTMENTS TO THE WEIGHT ESTIMATE OF
THE BASIS SHIP FOR DESIGN CHANGES IN THE NEW SHIP.

THE MORE COMMON CASE IS TO USE PLOTS OF HISTORICAL
WEIGHT DATA OF SHIPS OF THE SAME TYPE.



THE STRENGTH AND STRUCTURE OF SHIPS

THE WEIGHT ESTIMATE (CON'T)

EARLY STAGE DESIGN ESTIMATES
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THE STRENGTH AND STRUCTURE OF SHIPS

THE WEIGHT ESTIMATE (CON'T)

DETAIL DESIGN WEIGHT ESTIMATE

AS THE DESIGN PROGRESSES THE QUALITY OF THE WEIGHT
ESTIMATE MUST BE REFINED.

EACH GROUP WITHIN THE DESIGN TEAM WILL PROVIDE THE
WEIGHT GROUP WITH UPDATED DESIGN INFORMATION AT
PERIODIC INTERVALS.

IT IS CRITICAL THAT WEIGHT AND/OR KG PROBLEMS BE

IDENTIFIED EARLY SO THAT TIMELY DESIGN CHANGES MAY BE
MADE.

DURING THE DETAIL DESIGN PHASE THE WEIGHT ESTIMATE IS
DONE BY PERFORMING DETAILED WEIGHT TAKE-OFFS, THAT IS
BY INDIVIDUALLY ESTIMATING AND TABULATING EACH PIECE
OF STRUCTURE, OUTFIT AND MACHINERY FROM CONSTRUCTION
DRAWINGS AND SPECIFICATIONS.
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THE STRENGTH AND STRUCTURE OF SHIPS

MIDSHIP SECTION - ALL HATCH CARGO SHIP
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BASIC NAVAL ARCHITECTURE

Unit Number: 40
Title: The ship design process - 1
Tape Running Time: 29 o3

Reading Assignment: MSD, pp 257-262

Additional References: SDC, pp 1-46

ScoEe:

This unit introduces the broad topic of ship design., A typical design spiral
is presented. The various phases of design are discussed. Contract design
deliverables are described.  Emphasis in this unit is on merchant ship
design. Naval ship design and procurement will be discussed in Unit 42,

Key Points to Emphasize:

1. In going through the design spiral and the various design stages avoid
casting the process in a highly stereotyped light. For example, often a
feasibility study or possibly a simple concept design will be performed to
establish vessel size, power and capacities. Then the design effort will
proceed directly to a contract design. If the ship is only a minor
departure from a previous vessel perhaps only a contract design will be
prepared, and at that only the drawings and spec items affected by the
changes will be changed. What is done is only what needs to be done using
the best information available as a baseline.

2. Emphasize the development of a clearly defined set of mission
requirements. or owner's requirements, or Top Level Requirements., The
document should be a document which evolves over the period of the early
stage design efforts using inputs from both naval architect and owner, and
is then finalized at the time the contract design package is finalized.

Suggested Problem Assignment: Select from previously unassigned problems.
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THE SHIP DESIGN PROCESS

MISSION REQUIREMENTS

- BEFORE STARTING ON FORMAL DEVELOPMENT OF A SHIP
DESIGN THE OWNER SHOULD DEVELOP A SET OF MISSION
REQUIREMENTS, OR OWNER'S REQUIREMENTS, FOR THE
SHIP, OR SHIPS, TO BE DESIGNED.

- THE NAVAL ARCHITECTURAL DESIGN TEAM MAY ASSIST THE
OVNER IN DEFINING HIS REQUIREMENTS WITH ECONOMIC
STUDIES, SYSTEMS ANALYSES, FEASIBILITY STUDIES, OR
EVEN A CONCEPT DESIGN. MORE OFTEN THE OWNER WILL
HAVE DEFINED HIS OWN REQUIREMENTS.
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THE SHIP DESIGN PROCESS

PARAMETRIC DESIGN STUDIES

THE DESIGN IS OPTIMIZED BY FINDING THE SHIP
CHARACTERISTICS WHICH OFFER

° MINIMUM FIRST COST FOR A FIXED CARGO
CAPACITY PER YEAR, OR

. MINIMUM LIFE CYCLE COST FOR A FIXED
- CARGO CAPACITY PER YEAR, OR

. MAXIMUM CAPITAL RECOVERY FACTOR (CRF),
OR

e MINIMUM REQUIRED FREIGHT RATE (RFR),
OR

. OTHER ECONOMIC PARAMETERS.
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THE SHIP DESIGN PROCESS

DESIGN PHASES (CON'T)

DETAIL DESIGN

BASED ON THE CONTRACT PLANS AND SPECIFICATIONS THE
SHIPYARD (OR A DESIGN AGENT HIRED BY THE SHIPYARD)
WILL PREPARE THE DETAILED WORKING PLANS AND SHOP
DRAWINGS WHICH WILL BE USED BY THE SHIPYARD IN
CUTTING THE STEEL, ERECTING THE SHIP, AND INSTALLING
THE EQUIPMENT.



THE SHIP DESIGN PROCESS

DESIGN PHASES (CON'T)

COMMENTS

« IT IS QUITE INFREQUENT IN MERCHANT VESSEL DESIGN TO
EMPLOY ALL THE DESIGN PHASES WHICH HAVE BEEN
DESCRIBED. THE AMOUNT OF EFFORT THAT IS PUT INTO
EARLY-STAGE DESIGN DEPENDS ON THE DEGREE OF
DEPARTURE OF THE DESIGN FROM PAST PRACTICE.

- THE DEFINITIONS OF DESIGN PHASES ARE USED RATHER
LOOSELY IN PRACTICE.

- CONCEPT DESIGN MAY INCLUDE FEASIBILITY STUDIES, AND
IT MAY EXTEND INTO A LEVEL OF DETAIL NORMALLY
ASSOCIATED WITH PRELIMINARY DESIGN.

- IF THE DESIGN IS SIMPLY A MODIFICATION OF AN
EXISTING SHIP ONLY A CONTRACT DESIGN MAY BE
PREPARED.






BASIC NAVAL ARCHITECTURE

Unit Number: 41

Title: The ship design process - 2
Tape Running Time: 3oM 413

Reading Assignment: MSD, pp 287-309

Additional References: SDC, pp 1-46 (repeated)

Scope: '
The concept design example of Chapter 1, SDC is developed step by step.

Key Points to Emphasize:

1.

The concept design example of Chapter 1, SDC has been selected because of
the ready availability of the text for review by the instructor, but note
the bugaboo with SI units.

Again, emphasize that this type of early-stage design study is performed
only when the proposed ship represents a departure from the previous
experience base.

This type of study will almost always be accompanied by an economic
study. Parametric studies will be performed to evaluate the combination

~of dimensions and powering which will prove to be the most profitable.

The reading assignment covers "“advanced marine vehicles" and is not
directly supported by video material. The instructor may wish to
introduce his own material on this topic.

Suggested Problem Assignment: The instructor may wish to distribute

appropriate design curves and assign a problem similar to the example; however
very few students in this course can be expected to have future involvement
with early-stage design studies. The tune may be used more fruitfully in
assigning previously unassigned problems.
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THE SHIP DESIGN PROCESS
SOLUTION (CON'T)

FIGURE 5
o) 4 X X r/
o 2 /
X
gg 2 _xax/r
. < x | __
w / KG = (1.005 - 0.000689 L) D
: ‘ / t t
° DIMENSIONS IN METERS

I o
[¢] 1 2 3 L] ) 6 7 8 9 10
LXB/1000

8. ESTIMATE OUTFIT WEIGHT:

LXB _ 215m*3%0.5m
1000 - lOOO

= . &

CBO0O0 TonNES * .985-‘,—3‘-’1———

NNS
2758 LT

il

FIND OUTFIT WEIGHT

1



THE SHIP DESIGN PROCESS

SOLUTION (CON'T)

1000

MACHINERY WEIGHT = TONS

FIGURE 6
2.3 v T T : /‘1
i TWIN SCREW —— H—
2) /)

1.5 s /‘——(

/f&/ﬁn&.s scnewl
1.0 o ! y

— e ) )
0.5 /’OJ’G RG=0.470

(] 10 20 30 40 s0 60 70 80 90 100
SHP/1000

ESTIMATE MACHINERY WEIGHT. FIRST
ESTIMATE OF SHP WAS 40,000 HP WHICH
GIVES:

MACHINERY WEIGHT = 1280 Tonnes %985 ratire
= |2@! LT
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THE SHIP DESIGN PROCESS
SOLUTION (CON'T)

IGURE 7

Y
B AVERAGE TRIAL SHAFT HORSEPOWER /
130 A

SERVICE ALLOWANCE = 1.00 TO /
- OBTAIN REQUIRED INSTALLED SHAFT
120 | HORSEPOWER. MULTIPLY POWER e
OBTAINED FROM PLOT BY 1.0 PLUS >
N SERVICE MARGIN (USUALLY 10-25%) / 3
110 /, //

al 100 / 30 A
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THE SHIP DESIGN PROCESS
SOLUTION (CON'T)

15. CHECK STABILITY. (GMT)
WE HAVE KG. WE NEED KM = KB + BM
USE APPROXIMATE FORMULAE:

KB = .54 T |
_ 3
IT = CIT X LWL X B
CIT = .937 Cp - .0122
LWL = 1.02 Lpp
ALSO BM = IT//Y7
AND GM_ = KB + BM - KG

T
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THE SHIP DESIGN PROCESS

SOLUTION
15. CHECK STABILITY (CON'T)

THE RESULT IS:

GMT = 3.3 FT

.033B

GMT IS GREATER THAN CRITERIA VALUE OF .025B

AND IS SATISFACTORY
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THE SHIP DESIGN PROCESS
CONCEPT DESIGN

THE BASIC STARTING DIMENSIONS, POWERING AND
DISPLACEMENT AND STABILITY OF THE DESIGN HAVE
NOW BEEN SELECTED. AT THIS POINT IT IS ALSO
ADVISABLE TO DEVELOP SMALL SCALE SKETCHES,
SAY 8 1/2" x 11", OF THE GENERAL ARRANGEMENTS
AND AN INBOARD PROFILE. THESE SHOULD
ESTABLISH LOCATION AND DIMENSIONS OF THE
MACHINERY SPACES AND SUPERSTRUCTURES,
PRELIMINARY LOCATION OF BULKHEADS AND MAJOR
TANKAGE.

A FIRST CUT COST ESTIMATE SHOULD ALSO BE
PREPARED USING COARSE ESTIMATORS SUCH AS:

e $ PER TON OF ERECTED STEEL WEIGHT
e $ PER TON OF OUTFIT WEIGHT
e $ PER SHAFT HORSEPOWER FOR MACHINERY
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BASIC NAVAL ARCHITECTURE

Unit Number: 4?
Title: The ship design process - 3
Tape Running Time: 28" 533

Reading Assignment : MSD, pp 263-269

Additional References:

Scope:

Preliminary and contract design phases are discussed further. The type and
use of weight margins is introduced. The naval ship design process is
described.

Key Points to Emphasize:

1. Gillmer makes good reading on the subject of naval ship design although
the jargon has changed. But then the jargon will change again over the
life-cycle of this course. The key thing is to avoid having the student
become bogged down in a quagmire of acronyms. Emphasize that each new
weapons system, including naval ships, must go through a series of gates
or checkpoints where the need, the technical viability and the cost
viability must be re-established before the system can proceed to the next
checkpoint. The whole problem of defense systems procurement is
enormously complex, and it is necessary to keep modifying the process as
national conditions change, but the essential ingredients of the process
remain surprisingly constant.

2. Emphasize the length of time it takes from the statement of the initial
operational requirement to the time the ship joints the fleet -- ten years
typically.

Suggested Problem Acsignment: None




SIVOdITAI dIJIINOIY HSITHVLSI OL
NOILYTNDTIYD ANIT AVO0T LAD LSYIA ¥V WJYOJAHd -

SAVIHITINE NOISIAIQENS A0 NOILVYDOOT LSALAY
YO WIIJINOD SHIAIND HILHNIAT HTAVAOOTA DNISA -

SHLONAT d714dYd00Td
ANY WI0d 4C SHAAIYND LAH OL WYID0Ad YALAIKWOD
SOILVYILSOYAAH ¥ NNY SLASII0 HASHHL ODNISNH -

SIASJI0
ANV SHANIT J0 LAS AYYNIWITAYA Y dOTIAIA

NO9ISHdd AYVYNIWITIYd NI SdILS

*@3d0TIAAd NIFd MON SYH NOHISHA AYVNIWITIAd
9HL LIVLS OL NOILVWIOJINI AYVSSHADIN HHL

NO9ISHEd AYVNIWITIId
SSAJ0Yd NOHISIA dIHS HHL

N

J



"I LONANOD
99 AVYWH SLSIL TIAOW WIYIJL HYV SHIANI']
AT °"VYIVd LSAL TIAOW JYIHLO YO VILVA SHIYJIS

QIVANYLS 9SNISN ALVHILSE ONIYIMOd HHL HANIIIY

SYINIV.LNOD
‘99 ‘09YVD TVIDIdS 40 LNIWIDNVIIY
ADIHD "HIVdS 099Y¥D Y04 I2IdND IHL ADHHD

*9Ld ‘SYAAV HSNISSIAR ‘SYALIVNO 'SHDIVIS
TOYLNOD ¥0d VIYY IDAA ALVNOIAY HINSNI
OL SILNAWIONVIIV TYIYIANID AD07TH dOTHALA

SHILIOV4VYD JYIdJIHIY
‘HOOYAYOLS ‘TOVINVL 40 ADHHD LSYIA ¥ HAVKW

(L,NOD) NOISHA AYUNIWITIAI

SSdD0¥d NOISIA dIHS HHL



SHALI AYANIHOVW AYVITIXAVY TVdIDNIEd
ANY AJANIHOYW NIVH 40 NOILVYOOT ONIMOHS
HNIMVId ILNIRTIONVIYY AYIANIHOVH dOTIAHA -

99Y¥LS N9ISAd LOVILNOD HIHL Ok qIIII44d

9d AYH Y0 TIAIT NOISHA SIHL LY qaIdoTdAdd

9d AVYW SAYIHITNG ANY SHRYIA TVOIdAL

ANY SONIMYYA SNITLNYODS ¥DIA ~ONIMVIQ
NOILDAS dIHSAIW TIVINLONYLS dHL dOTHALd

(L.NOD) NOSISIA AYVNIWITIAM
SSdJ00dd NHOSISEA dIHS HHL




-@2d0TIAAA A9 AYW NOILVDIJAIDAIS IANITLAO NV

LNIWINIAIY J0 SHATOAD
TVIIATS HONOYHL 09 ATINOHS HLVWILSI LHOIIM
9HL SASSAYH0¥d NHIsdAA IHL SY iLNVLIOKHI

JYIH QIAATOSIY d4 dTNOHS
9SHHL SAILNIVLIAONA JOLVH HIV IYIHL 41 LOA
‘g oKD NOSISIA LOYILNOD IHL HNINNA dId0TIAIA

ATIVNSA HYY SOILYWIHIS WHLSAS dINT4

SLAS YOLVIINAS TVIIALOATH dHL HZIS ANY
SISATYNY dYOT IVYOIVLOIATH LND LSATL ¥ HAVK

(L,NOD) NOISHA AYVYNIWITHAL

SSHD00¥d NOISIAd dIHS HHL



*IIVdIAd SI LATIOOd ALITIHEVYLS ANV HWIYL
AJYNIWITIYd ¥ “AIANIWYXAd SI ALITIHEYLS dIDVHYA

INIJTY JYIHLINA SI HLVWILSY LHODIHM HHL

TAYVSSHDIN
SY dIIVdIId dIY SONIMYIA TTVNOILIAAY

*dIddy¥Y STIVLIA TTVNOILIAAY ANV NDISIAd LOVILNOD
OLNI QIdIYIYD HIYV HTOAD NOISHA AYVYNIWITINEL
AHL SNIYNA AIJOTIAAIA SHNIMYIA AWVS HIHL ‘NILJIO

"SNOILVOIJIODHIdS ANV SONIMVIA LOVILNOD 40
NOILONQO¥d IHL OL LAIHS MON dTNOHS SISVHIRA

"HTOAD NOISHA LOVILNOD HHL NI

SHSIYdINS LNVSVHTINAN ON dd dTNOHS HYAHL ANY
AIATOSHY NIId IJAYH dINOHS SINSSI NODISHA dOLVH
dTOAD NOISHA AYVNIWITIEd HHL 40 ONI HHL Ad

NOISdd LOVILNOD
SSIJ00dd NDISIHAd dIHS HHL




"NOILONYLSNOD
ONIJdNd N9ISHA dHL NI SHONVHD YONIW o

dAVYH
SI NOILDIQAYd ¥ IWIL IHL LV SNMONANA °

ONILVHILST NI SYOYYT NOILOIALAd °

-J0od LNNODJOY Ol
A9dIAO0Yd FYVY SNIDIVR NOILIONYLSNOD ANY NDOISI]

*SNISYVK HLMO¥D HIALNL e
SNISYVYHW NOILONJYLSNOD ANY NODISHA -

"dSYHd NOISId dHL
ONI¥NAd SHILVYWILST 9Y ANY LHOIIM HHL OL dIITddY
9¥Y HDOIHM SNISYYW A0 SAJAL OML IYVY HIIHL

SNISYVYH NOISHId
SdIHS J0 FANLONALS ANY HLONIAJLS HFHL

477



" (H9IH) %G1 OL (LHOIL)
%G WO¥d AYVA AYW SNIOSYVH HLMOYD TANLAJ

-dIHS FHIL J0 HJIT IDIAYEAS IHL ONIINA

HLMOYD LHOIAM (ITAVLIAINI Lnd) QANNYTLNA

404 0STY QNY dIHS FHL OL SNOILYDIJTIAONW 430L0d
HLOG ¥O0d FAIAOYd OL CQAANILNI SI NIDIVYW SIHL
-yAsn FHL OL QIYAAITIA SI LI NIHM dIHS MIAN ¥
NI Q3dIAO¥d SNISIVYH IYV SNIDAVH HLMOID d30LNd

SNISJYVYH NDISHd
SdIHS 40 F4nLONYLS ANV HLONIJLS HHL

.
é."’rﬁ'



*%GT - %07 SI LHODIHAM dIHS
LHOIT NO SNIOJYVH FHL 40 WAS HHL ATTIVOIdAL

"AY0HILVI LHOIIM HOVHA OL SNIDJVH
oY ANV LHOIIM HSNINODISSY NI ddsn SI HOIHM
ADIT0d NISJYVH TTVYHIOd ¥ SYH AAYN °"S°N dHL

(L.NOD) SNIOSJYVYW NDISIA

SdIHS J0 FINLONYLS ANY HLONIILS HHL



-

THE SHIP DESIGN PROCESS

NAVAL SHIP DESIGN

NAVAL SHIP DESIGN CYCLES ARE MUCH MORE FORMALIZED
BECAUSE OF THE COMPLEX REQUIREMENTS OF INTEGRATING
THE ACQUISITION OF ALL TYPES OF DEFENSE SYSTEMS WITH
THE ANTICIPATED FUTURE BUDGET APPROPRIATIONS, AND
BECAUSE OF THE LONG RANGE PLANNING THAT IS REQUIRED.

FROM THE BEGINNING OF DESIGN STUDIES TO ACCEPTANCE OF
A SHIP CLASS IN SERVICE MAY TAKE TEN YEARS. ADVANCE
PLANNING STUDIES, CALLED CONFORM STUDIES CAN PRECEDE
THIS BY ANOTHER FIVE YEARS.
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BASIC NAVAL ARCHITECTURE

Unit Number: 43
Title: Shipbuilding methods - 1
Tape Running Time: 31" 138

Reading Assignment: MSD, pp 271-287

Additional References: SDC, pp 609-629

Engineering for Ship Production (ESP), 1986, T. Lamp,
University of Michigan, pp 1-88

Ship Production (SP), 1988, Cornell Maritime, pp 108-
235

Scope:

This unit emphasizes the role of the computer in modern ship design and
shipbuilding technology. CAD/CAM applications are discussed. Use of
computers in scheduling, work measurement, progress reporting, inventory
control and other applications is discussed.

Key Points to Emphasize:

1. There is a substantial amount of background material which the instructor
should read in preparation for Units 43, 44 and 45. This includes
Chapters 16 and 17, SDC. ESP, pp 1-88 provides a good introduction to
modern shipbuilding technology; however the zitire book should be studied
by persons intending to become shipbuilding professionals. A similar
comment applies to SP, but Chapters 4 and 5 are most relevant to the
subject matter in these units.

2. Throughout these three units the instructor should emphasize three things:

a) need for the adoption of a positive attitute toward change in the
shipbulding industry

b) need for improvement in work quality to become quality-competitive
with other countries

c) need for the reduction in work content of shipbuilding operations to
become cost-competitive with other countries.

3. This 1is an overview of the use of computers in ship design and
construction. The instructor should supplement the video with a
description of the computer capabilities and facilities in his shipyard.

Suggested Problem Assignment: None




SHIPBUILDING METHODS

CAD/CAN

TODAY COMPUTER-AIDED DESIGN (CAD) AND COMPUTER-
AIDED MANUFACTURING (CAM) IS AN INTEGRAL PART OF
EVERY PHASE OF SHIP DESIGN AND CONSTRUCTION.

COMPUTER-AIDED DESIGN INCLUDES THE USE OF COMPUTER
PROGRAMS BOTH IN ANALYSIS AND DRAFTING IN THE
VARIOUS DESIGN PHASES.

COMPUTER-AIDED MANUFACTURING INCLUDES THE USE OF
THE COMPUTER IN VIRTUALLY EVERY ASPECT OF SHIP

CONSTRUCTION, BUT THE EXTENT TO WHICH COMPUTER IS
USED, THE STATE-OF-THE-ART AND THE SOPHISTICATION
OF COMPUTER USAGE VARIES WIDELY BETWEEN SHIPYARDS.

SOME EXAMPLES OF CAD/CAM AND COMPUTER APPLICATIONS
FOLLOW.
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SHIPBUILDING METHODS

CAD/CAM (CON'T)

COMPUTERS PROGRAMS FOR DESIGN ANALYSES:

LINES FAIRING

INTACT AND DAMAGED CONDITION HYDROSTATICS

SHIP RESISTANCE AND POWERING PREDICTION

PROPELLER DESIGN CHARACTERISTICS FROM

- PROPELLER STANDARD SERIES

- LIFTING LINE/LIFTING SURFACE THEORY

STRUCTURAL DESIGN

- MIDSHIP SECTION DESIGN

- SCANTLING CALCULATIONS BASED ON STRUCTURAL
FORMULAE

- STRUCTURAL ANALYSIS AND OPTIMIZATION USING
FINITE ELEMENT TECHNIQUES



GIDNANI ¥DO0HS -

CIDNANT AYINIHDVUN -

CIDNANI YITTId0dAd -
SASATUNY NOILVYAIA o

NDISIA ¥3adany -

SOILSTYTLOVIVHD ONIYIANINYR -
SRYYD0Ad DNIYIANIANYR o

NIVROd INIL -

NIVROQ XONINO3Idd -
SKY¥DO0Yd NOILDIMIYd NOILOW JIHS

(L,NOD) SHY¥D0dd SISATYNY NOISIC
WY /a¥d

SAOHLIN ONIATINAdIHS



*§2I4ND SYAYY ¥D3IM LNdLNO -- SNOILILYV
ANY SAVIHYTNG d0 SALYNIAYO00D LNANI -
SRYYD0dd LNIRIDNVIIV XD3AA o
"213 'HLVAS
‘STITYVITIXNY "AD 'dd -- SIJAL JIHS SNOIYYA -
NOILVZINILAO ANY SISIHLNAS NOISIA o
NDOISIA ANY SISATUYNY QVOT WILSAS DVAH -
NDISAA WILSAS DNIdId -
- SISATYNY GYOT DI¥LOITI -
| JONVTYYE LV3IH -
SNYYD0dd DNIYIINIONI INIYVR o

(1.NOD) SWVi50¥d SISATUNY NOISId

RYD/Q¥D

SAOHLIN DNIATINAdIHS



| AUV

LV ALINAKWOD N9ISHd dIHS HHL OL HATAYTIVAV

LON d¥Y ONY SWY¥IJ FLVAI¥d YO AAYN FHL X€ QTIH
XTdS0710 JIY SWV¥H0dd SISHHINAS NDISAA LSOH

"SNOILNTOS WAWILAO

JHL LOITAS T1T1IM HOIHM VIYILIY¥YD NOILVZIWILAO
A0 AdAL AWOS NIVLNOD NILAO TTIIM HWVYDO0dd

9HL “QILYIIANID H4 AYW SNOILATOS NDISIA
FLYAIANYD J0 SAIYANNH ATTIVIILIT ANV AIILIVA
ATIYOILVYHALSAS dYV SNOILIYOJdOAd ANV SNOISNAKWIA
"SHdAL dIHS SNOIYVA Y04 QHJOTHAIA NI HAVH
SHYIH0dd YILNIWOD SISHHLNAS NDISHd HOANS ANYVYH

"NOILVZIddLNdWOD
OL JdTISLI SANHT SSID0Yd NOISIA IdIINOD dHI

HYD/Q¥D

SAOHLIN ODNIATINEdIHS

~



SHIPBUILDING METHODS

CAD/CAN
COMPUTER-AIDED DRAFTING

THERE ARE A NUMBER OF COMMERCIALLY AVAILABLE
COMPUTER-AIDED DRAFTING PROGRAMS WHICH CAN BE
APPLIED TO ALMOST ANY FORM OF DRAFTING. TYPICAL
PROGRAMS INCLUDE PRODESIGN, AUTOCAD, AUTOKON,
COMPUTER VISION, AND MANY OTHERS.

ATTRACTIVE FEATURES:

- ONCE A LIBRARY OF SYMBOLS HAS BEEN GENERATED
DRAWINGS CAN BE PREPARED IN HUCB LESS TINME THAN
HANUAL DRAFTING.

- DRAVINGS CAN BE PRINTED AT ANY DESIRED SCALE.
- CHANGES CAN BE MADE QUICKLY.

- PARTS LISTS AND BILLS OF MATERIAL CAN BE
GENERATED EASILY.

- PICTORIAL VIEWS CAN BE GENERATED FROM TWO VIEW
ORTHOGRAPHIC PROJECTIONS.

- INTERFERENCES BETWEEN SYSTEMS -- E.G,. PIPING
AND VENTILATION RUNS -- CAN BE READILY
IDENTIFIED.
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SHIPBUILDING METHODS

CAD/CANM

SHIP PRODUCTION PROGRAMS

- SHELL DEVELOPMENT. A SHELL EXPANSION CAN BE
- GENERATED AND INDIVIDUAL SHELL PLATES DEVELOPED
IN THEIR FLAT SURFACE SHAPE.

- INTEGRATED N/C PRODUCTION SYSTEMS. THESE
PROGRAMS CAN BE USED TO GENERATE THE SHAPES OF
ALL PLATE STEEL PARTS. NESTING OF VARIOUS
PARTS ON STEEL PLATES FOR MINIMUM WASTAGE CAN
BE DONE AUTOMATICALLY OR WITH MANUAL
INTERCESSION. PARTS NUMBERS, INVENTORY CONTROL
NUMBERS, BILLS OF MATERIALS, AND OTHER
PRODUCTION DOCUMENTATION CAN BE PRODUCED. N/C
TAPES CAN BE FED DIRECTLY INTO N/C CUTTING
MACHINES AND WELDING MACHINES TO CONTROL
AUTOMATIC CUTTING AND WELDING OPERATIONS.
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SHIPBUILDING METHODS

PRODUCTION CONTROL AND MANAGEMENT SYSTEMS

SCHEDULE AND COST MONITORING AND CONTROL. THE
OPERATION OF THIS FUNCTION VARIES WIDELY BETWEEN
SHIPYARDS; HOWEVER, IT IS NECESSARY TO TRACK
MANHOURS EXPENDED VERSUS PERCENTAGE COMPLETION FOR
ASSEMBLY UNITS IN THE PRODUCTION SCHEDULE. IT IS
IMPORTANT TO DETECT POSSIBLE SCHEDULE DELAYS AND
COST OVERRUNS AT ANY EARLY STAGE SO THAT TIMELY
CORRECTIVE ACTION MAY BE TAKEN. ASSEMBLY AND
REPORTING OF ALL THIS INFORMATION IS DONE BY
COMPUTER PROGRAM. |
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SHIPBUILDING METHODS

PRODUCTION CONTROL AND MANAGMENT SYSTEMS

ORDERING AND INVENTORY CONTROL. STEEL, EQUIPMENT,
PARTS, SUBCONTRACTED WORK ITEMS (E.G., CASTINGS AND
FORGINGS) MUST BE ORDERED WITH DELIVERY PLANNED SO
THAT THE MATERIAL WILL ARRIVE WHEN NEEDED SO THAT
STORAGE REQUIREMENTS ARE MINIMIZED. WHEN RECEIVED
THE MATERIAL IS ASSIGNED VARIOUS TYPES OF NUMBERS
-- PARTS NUMBERS, INVENTORY CONTROL NUMBERS,
PRODUCTION CONTROL NUMBERS, DEPENDING ON THE
PARTICULAR SHIPYARD SYSTEM. THESE NUMBERS ARE USED
IN INVENTORY TRACKING, IN STORAGE AND TO CONTROL
DELIVERY OF THE PART TO THE LOCATION IN THE
SHIPYARD WHERE AND WHEN IT IS NEEDED. COMPUTER
PROGRAMS ARE USED HEAVILY IN PERFORMING THESE
FUNCTIONS.




SHIPBUILDING METHODS

WEIGHT MANAGEMENT AND CONTROL

FOR NAVAL SHIPS, PARTICULARLY COMBATANTS, CONTROL
OF THE WEIGHT OF THE SHIP 