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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 27 

T i t l e :  - Maneuverabi 1 i t y  and s h i p  c o n t r o l  

Tape Running Time: 37M oS 

Reading Assignment : MSD, pp 151-169 

A d d i t i o n a l  References: PNA, pp 463-465, 477-481, 482-486, 489-495 

INA, pp 274-288 

Scope: 

Bas ic  concepts o f  l i f t i n g  su r faces  as app l i ed  t o  rudders a re  reviewed. Forces 
on a s h i p  i n  a t u r n  a re  exp la ined.  Phases o f  a t u r n  a re  descr ibed.  
Maneuvering c o n t r o l  devices,  i n c l u d i n g  bow t h r u s t e r s ,  z -dr ives,  a c t i v e  rudders 
a re  descr ibed.  

Key Po in t s  t o  Emphasize: 

1. Emphasize l i f t - d r a g  c h a r a c t e r i s t i c s  o f  t h e  rudder as a h y d r o f o i l ,  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. Exp la i n  Fig.  8-4, MSD, pp 153. 

3. Discuss s t a l l  and c a v i t a t i o n  a p p l i e d  t o  rudders. 

4. Go over  advance, t r a n s f e r ,  t a c t i c a l  d iameter.  

5. Phases o f  a t u rn .  

6. Exp la i n  Fig. 8-11, MSD, pp 160. 

7. Discuss types o f  rudders and o t h e r  c o n t r o l  su r faces  no t  covered i n  v ideo 
tape. 

Suggested Problem Assignment: Se lec t  f rom p r e v i o u s l y  unassigned problems. 



HANEUVERABILITY AND SBIP CONTROL 

TEE RUDDER - LIFTIDRAG DIAGRAH 

ANGLE OF ATTACK, a IN DEGREES 





HANEUVERABILITY AID SHIP CONTROL 

TEE RUDDER - FLOW CONDITIONS 







HANEUVERABILITY AND SHIP CONTROL 

TEE RUDDER 

FORCE, CENTER OF PRESSURE AND TORQUE. 



HANEUVERABILITY AND SNIP CONTROL 

TEE RUDDER - ASPECT RATIO 

SPAN 
ASPECT RATIO = K~ 

ASPECT RATIO, u 
5.0 9 

01 I 1 I I 1 1 I 1 I I 
o 5 to 15 20 2s 30 35 40 45 50 

RUDDER ANGLE IN DEGREES 



XAIEUVERABILITY AND SHIP CONTROL 

TJlE RUDDER - TYPES OF RUDDERS 

1.1 UNBALANCED.  I B I  BALANCED.  I C l  U L A N C C D .  

S E V E I I A L  PINlLES 1 W 0  R N T L E S  UPPER B E A I I I h G  1N MULL 

RUDDERS ON SINGLE SCREW SHIPS 

I 0 l SZYIBALANCE 0. I E l BALANCED. I f  I SEMIDALANCED. 

TWO B C A I I N G S  U N D E R H U N G  ( . S P m - l  
ON M O o k  

RUDDERS ON TWIN OR QUADRUPLE SCREW SHIPS 





HAIEUVERABILITY AND SHIP CONTROL 

HOTION OF A SHIP IN TURNING 

NOTE : 

Anglo 

. - 

POINT THE PIVOT POINT. 



H A H E U V E R A B I L I T Y  AND S B I P  CONTROL 

F O R C E S  ON A SBIP I N  A TURR 

TURN 

\ 
\ 
\ A (INSTANTANEOUS CENTER OF TURN) 















WANEUVERABILITY AND SHIP CONTROL 

T.UNNEL TBRUSTERS 

CONTROLLABLE-PITCH OR FIXED-PITCB 
REVERSIIG. 

TRANSVERSE THRUST ONLY. 

GOOD TIRUSTIHP AT LOU SHIP SPEEDS, BUT AT 
SPEEDS ABOVX 3-4 KNOTS PERFORHANCE FALLS 
OFF RAPIDLY. 

TUNNEL HUST BE BELOW WATERLINE EVEN AT 
BALLAST DRAFT. 













HAIEUVERABILITY AND SHIP CONTROL 

Z-DRIVES 

RETRACTABLE TYPE (ACTUALLY L-DRIVE). 



HANEUVERABILITY AND SHIP CONTROL 

COHPARISON OF THRUSTER TYPES 







HANEUVERABILITY AND SHIP CONTROL 

COHPARISON OF THRUSTER TYPES 

0 TUNNEL THRUSTERS 
TUNNEL THRUSTERS (VOITH- 

SCHNEIDER PROPS) 
A RIGHT ANGLE DRIVES (WINOZZLE) 
RIGHT ANGLE DRIVES (OPEN SCREW) 

n ACTIVE RUDDER ( W  N O Z Z L E )  

P = POWER 
T = THRUST 
A = SWEPT AREA 





HANEUVERABILITY AND SHIP COITROL 

TllX RUDDER - CAVITATION 

PERCENTAGE OF CHORD 
TRAILING 

EDGE 



HAIEUVERABILITY AND SBIP CONTROL 

AUTO PILOT 

PATH 

INFORMATION ON PATH 

1 '  . 

RUDDER ANGLE 

WHEEL 

* FORCE 

DESIRED 
h 

cou*, t - , 
MECHANISM 

PATH ORDERED 
ERROR RUDDER 

ANGLE EXTERNAL 

DISTURBANCE C " DISPLAY c HELM 
STEERING * AUTO PILOT 





HANEUVERABILITY AND SHIP CONTROL 

DIRECTIONAL THRUSTERS 

SEA INTAKES 
POI1 8 ST*RBO.RD 

(ELLIOT VHITE GILL TH) 





BASIC NAVAL ARCHITECTURE 

U n i t  Number: 28 

T i t l e :  The s h i p  i n  mot ion  w i t h  t h e  sea - 1 

Tape Running Time: 

Reading Assignment: 

A d d i t i o n a l  References: 

MSD, pp 235-243 

PNA, 

INA, pp 254, 261 

Scope: 

The t h r e e  r o t a t i o n a l  and t h r e e  t r a n s 1  a t i o n a l  s h i p  mot ions are  def ined.  Basic 
concepts o f  s i  nuso ida l  and t r o c h o i d a l  g r a v i t y  waves are  in t roduced.  The 
concept o f  a seaway spectrum i s  expla ined.  Var ious ways of d e s c r i b i n g  a 
seaway are descr ibed.  

Key Po in t s  t o  Emphasize: 

1. Student should be l e d  t o  t h e  concept of a seaway be ing  a mix of wave 
energ ies  o f  d i f f e r e n t  f requencies.  F ig.  11, PNA, pp 616 i s  impor tan t  and 
should be st ressed.  

2. Meaning and usage o f  s i g n i f i c a n t  wave he igh t ,  sea s t a t e  and Beaufor t  
Scale. 

3. To g i v e  s tudent  an idea o f  scale,  extreme o r  "ep i sod i c "  waves i n  a seaway 
p o p u l a t i o n  may be 1.7 t o  1.8 t imes as h igh  as s i g n i f i c a n t  wave he igh t .  
Re la te  t o  Sea Sta te  7, which i s  a common design s u r v i v a l  c o n d i t i o n  f o r  
naval combatants. 

Suggested Problem Assignment : Se lec t  f rom p r e v i o u s l y  unassigned problems. 



THE SHIP IN HOTION VITE THE SEA 

DEFIBITIOB OF SHIP HOTIONS 

Surge 





THE SHIP IN HOTION VITE TEE SEA 

"REGULAR" VAVES 

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

THERE ARE A NUHBER OF WAVE THEORIES WHICH 
DESCRIBE PERIODIC WAVES. 

WE WILL ONLY ADDRESS, 

- SHALL AHPLITUDE SINUSOIDAL WAVES. 
- TROCHOIDAL VAVES. 



















THE SHIP IN MOTION WITH THE SEA 

SHORT-CRESTED WAVES 

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

SHORT CRESTED WAVES CAI BE REPRESENTED 
THEORETICALLY, BY COHBININC LONG-CRESTED 
WAVES COHING FROM DIFFERING DIRECTIONS. 
USUALLY THIS TYPE OF REPRESENTATION IS NOT 
WORTH THE ADDITIONAL COIPUTATIONAL 
COHPLEXITY, 







TEE SHIP IN HOTIOI WITH THE SEA 

SEA SPECTRA 

TEE ENERGY IN AN IRREGULAR SEAWAY CAN BE 
REPRESEITED AS AN ENERCY SPECTRUI. 

4 * m 
m 

WAVE FREQUENCY - - WAVE LEICTB 



TEE SHIP IN HOTION UITE TEE SEA 

SEA SPECTRA 

TEE ENERGY SPECTRUH CAN BE REPRESENTED AS TEE 
S U I  OF A NUMBER OF SINUSOIDAL COXPONENTS. 

( b )  COIUPOMNT WAVES 



TEE SHIP IN MOTION WITH THE SEA 

SEAWAY DESCRIPTIONS 

BEAUFORT SCALE (USED BY SEAHEN) 

UIND FORCE UIND VELOCITY, KNOTS 

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

NOT VERY USEFUL FOR DESIGN. 



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 (AID SIGNIFICANT 
WAVE PERIOD) ARE USED IN THE FORMULAS FOR 
SEAWAY SPECTRA. 



TEE SBIP IN HOTION WITH TEE SEA 

SEAWAY DESCRIPTIONS (CON'T) 

SEA STATES 

USED IN SBIP PERFORMANCE SPECIFICATIONS 

SIGNIFICANT WIND FREQUENCY 
SEA WAVE 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 TO 14 25.0 
3 . 4.1 TO 5.7 14 TO 17 12.5 
4 5.7 TO 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 
7 20.8 TO 40.3 32 TO 44 (0.9 
8 40.3 TO 61.6 44 TO 55 aO.0 

IOTE : FREQUENCY OF OCCURRENCE CITED ABOVE IS AN 
AVERAGE FOR ALL OCEANS, ALL TIHES OF YEAR. ACTUALLY, 
IT IS STRONGLY DEPENDENT ON AREA AND SEASON (FOR 
EXAMPLE: WINTER, HORTB ATLANTIC). 





TEE SHIP IN HOTION WITH TEE SEA 

SEA SPECTRA 

GROWTH AND DECAY OF SEA SPECTRA. 





BASIC NAVAL ARCHITECTURE 

U n i t  Number: 2 9 

T i t l e :  The s h i p  i n  mot ion  w i t h  t h e  sea - 2 

Tape Running Time: 35M 30' 

Reading Assignment : MSD, pp 243-253 

A d d i t i o n a l  References: PNA, pp 657-661, 669-681 

INA, pp 260-272 

Scope: 

R o l l i n g  and p i t c h i n g  mot ions  a r e  d iscussed t o g e t h e r  w i t h  methods o f  
c o n t r o l  1 i n g  these motions. Yawing mot ions  and broach ing a re  descr ibed.  
Trans1 a t i o n a l  mot ions a r e  out1  i n e d  and descr ibed b r i e f l y .  The SWATH s h i p  
concept as a means o f  modering s h i p  mot ions  i s  descr ibed.  

Kev Po in t s  t o  Em~has ize :  

1. Emphasize Fig.  13-13, INA, pp 264 as be ing  t h e  c h a r a c t e r i s t i c  o f  damped 
e x i t e d  v i b r a t i n g  systems. Use spring-mass-dashpot example, then app ly  t o  
s h i p  motions. I n t r o d u c e  t h e  concepts o f  n a t u r a l  frequency, synchronism, 
resonance. 

2. S t ress  r o l l i n g  and p i t c h i n g  as wors t  mot ions  and d i scuss  design measures 
t o  c o n t r o l  these motions. Discuss yawing and broaching.  

3. Discuss t r a n s 1  a t i o n a l  mot ions  b r i e f l y .  

4. E x p l a i n  hcw i h e  SWATH s h i p  concept reduces s h i p  mot ions.  Discuss 
advantages and disadvantages o f  SWATH ships. 

Suggested Problem Assignment: Se lec t  f rom p r e v i o u s l y  unassigned problems. I f  
d e s i r e d  t o  ass ign  a problem i n  s h i p  mot ions,  cons ide r  13-1 o r  13-2, INA, pp 
272-273 i f  t h e  c l a s s  can hand le  t h a t  l e v e l  o f  problem. 







TEE SHIP IN MOTION WITH THE SEA 

DESIGNING FOR SHIP HOTIONS 

1 . ROLLING 

FORMULA FOR NATURAL ROLLING PERIOD: 

k = MASS RADIUS OF GYRATION IN ROLL, FT. 

k VARIES FROH .38B TO .55B 

k = 40B IS A COMHONLY USED VALUE 

THEN, 



THE SHIP IN HOTION WITH THE SEA 

DESIGNING FOR SHIP HOTIONS 

1. ROLLIMG - BILGE KEELS 
BILGE KEELS ARE CHEAP AND FAIRLY 
EFFECTIVE. THEY DISSAPATE ROLLING ENERGY 
BY INCREASING ROLL DAHPING. 





THE SBIP IN HOTION WITH THE SEA 

DESIGNING FOR SBIP HOTIONS 

1 . ROLLING - ANTI-ROLLING FINS 

ANTI-ROLLING FINS ARE VERY EFFECTIVE IN 
SUPPRESSING ROLL AT NORMAL SBIP SPEEDS. 
THEY LOSE EFFECTIVENESS RAPIDLY AT LOW 
SPEEDS. 

FREE ROLL 

STABILIZED 

Dcnny-Brown Co. 



THE SHIP IN MOTION WITH THE SEA 

DESIGNING FOR SHIP HOTIONS 

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 FROH 
ONE SIDE TO THE OTHER THE WEIGHT SHIFT CAN BE 
HADE TO BE JUST OUT-OF-PHASE WITH THE ROLL 
MOTION, THUS GENERATING AN ANTI-ROLL HOMENT. 

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



THE SHIP IN norIon UITE TEE SEA 

DESIGIIRG FOR SHIP MOTIONS 

1. ROLLING - ANTI-ROLLING TANKS 
PASSIVE TYPE 

FROHH-TYPE 



THE SHIP IN HOTION WITH TEE SEA 

DESIGNING FOR SHIP NOTIONS 

2 .  PITCHING 

WORST PITCHING HOTIONS TEND TO OCCUR IN 
YAVES WHOSE LENGTH IS APPROXIMATELY EQUAL 
TO SHIP LENGTH. 

0 1 I I I I 
0.75 1 .O 1.25 1.5 

TUNING FACTOR. A 

















THE SHIP IN HOTION WITH THE SEA 

DESIGNING FOR SHIP MOTIONS 

4 l TRANSLATIONAL MOTIONS 

SURGE AND SWAY ARE SHALL HOTIONS AND NOT 
GENERALLY A PROBLEHo 

HEAVE HOTIONS CAN BE SIGNIFICANT AND CAN 
CONTRIBUTE TO UNCOHFORTABLE ACCELERATIONS, BUT 
THESE HOTIOKS ARE SELDOH HAZARDOUSo 

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 HOTIONS - 
BUT AT A PRICE! 







THE SHIP IN HOTION WITH THE SEA 

DESIGNING FOR SHIP MOTIONS 

2. PITCHING 

INFLUENCE OF PITCH PERIOD. 





THE SHIP IN MOTION WITH THE SEA 

DESIGNING FOR SHIP HOTIONS 







TEE SHIP IN HOTION WITH THE SEA 

SHIP MOTION COHPUTER PROGRAM 

FREQUENCY DOHAIN COHPUTER PROGRAMS 

EXAHPLES OF TYPES OF PREDICTIONS 
- AVERAGE OF 113 LARGEST --Dm= HOTIONS IN A 

SEAWAY OF --- SIGNIFICANT WAVE HEIGHT. 

- NUHBER OF EXCEEDANCES OF A HOTION LEVEL IN 
100,000 HOTION CYCLES (OR ANY GIVEN NUHBER OF 
CYCLES). 

- NUMBER OF TIHES PER HOUR GREEN WATER IS SHIPPED 
OVER FOREDECK, 

- IUHBER OF TIHES PER HOUR THE FOREFOOT EHERGES 
FROM THE WATER. 

- NUHBER OF TIHES IN TEE SHIP'S LIFE CYCLE A 
GIVEN STRESS IN A STRUCTURAL DETAIL WILL BE 
EXCEEDED. 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 3 0 

T i t l e :  The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 1 

Tape Running Time: 35M 2oS 

Reading Assignment: MSD, pp 205-207 

A d d i t i o n a l  References : INA, pp 13-36, 60-74 

Any s tandard  t e x t  i n  "S t reng th  and M a t e r i a l s "  o r  
"Mechanics o f  Deformable Bodies" 

Scope : 

Bas ic  concepts o f  s t r e s s  and s t r a i n ,  t h e  s t r e s s - s t r a i n  diagram and Hooke's Law 
a re  in t roduced,  Neut ra l  a x i s  and bas i c  beam concepts i n c l u d i n g  t h e  f l e x u r e  
fo rmu la  a r e  discussed. Sec t i on  modulus i s  def ined.  D i s t r i b u t i o n  o f  bending 
s t resses  and shear s t resses  i n  a beam i n  bending a re  descr ibed.  

Key Po in ts  t o  Emphasize: 

1. Th is  i s  t h e  f i r s t  of t e n  u n i t s  on t h e  des ign o f  s h i p ' s  s t r u c t u r e s ,  The 
purpose i s  t o  present  an overv iew of t h e  sub jec t .  However, s ince  s tudents  
a r e  presumed n o t  t o  have a background i n  S t a t i c s  and S t reng th  o f  , 

M a t e r i a l s ,  elements i n  these sub jec ts  which a re  necessary t o  develop t h e  
s t r u c t u r a l  t o p i c  a re  in t roduced,  b u t  o n l y  t o  a minimum l e v e l  of d e t a i l .  
The i n s t r u c t o r  may wish t o  a m p l i f y  t h i s  t rea tment  i n  c e r t a i n  areas, bu t  he 
shou ld  avo id  t h e  p i t f a l l  o f  t r y i n g  t o  fo rce  two c o l l e g e  courses i n  
eng ineer ing  i n t o  an overv iew p resen ta t i on .  

2. I n t roduce  bas i c  concepts o f  s t r e s s ,  s t r a i n ,  s t r e s s - s t r a i n  diagram, Hooke's 
Law, and beam theory .  Note t h a t  MSD uses o l d e r  n o t a t i o n  o f  f f o r  s t ress .  

. Emphasize a p h y s i c a l  f e e l i n g  f o r  d i f f e r e n c e  between bending s t r e s s  and 
shear s t ress .  Use deck o f  cards  analogy. 

Suggested Probl  em Assignment : 56, 57 





THE STRENGTH AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - STRESS 

- II 

P - - - F O R C E ,  LBS 
A AREA, IN1 

T H E  FORCE P IS CALLED THE LOAD 



THE STRENGTH AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - STRESS 



TEE -- STRENGTH --- AND STRUCTURE - OF SHIPS -- 

BASIC CONCEPTS - SHEAR STRESS 



THE STRENGTB AND STRUCTURE OF SBIPS 

BASIC CONCEPTS - STRAIN 

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

NOTATION P = LOAD, LBS 

E = STRAIN, IN/IN 



TEE STRENGTE AND STRUCTURE OF SEIPS 

BASIC CONCEPTS - STRAIN 

NORHAL 
S T R A I N  

S E E A R I N G  
S T R A I N  





TEE STRENGTB AND STRUCTURE OF S B I P S  

BASIC CONCEPTS - THE STRESS-STRAIN DIAGRAM 

H 0" true stress at fracture 
0 

#+ based on actual mlnlrnum 
0 

0 
0 load bearing area 

/ 

0 

elasl rc-lim~t 

proportional limit 
b 

4 k . O O ~  ir/ir S T R A I N  



?BE STRENGTH AND STRUCTURE OF SHIPS 

B A S I C  CONCEPTS - S T R E S S  AND S T R A I N  

IMPORTANT RELATIONSHIPS 

BOOKES LAW: 

"STRESS IS PROPORTIONAL TO STRAIN" 

NOTE : 

STRESS, LBSIINr 

STRAIN, IN/IN 

YOUNG'S IODULUS. OR T I E  MODULUS OF 
ELASTICITY. LBSIII' 

APPLIES ONLY.TO THE STRAIGHT LINE PORTION 
OF TEE STRESS-STRAIW DIAGRAH. 





THE STRENGTH AND STRUCTURE OF SBIPS 

B A S I C  CONCEPTS - NEUTRAL A X I S  

X , NEUTRAL AXIS 



THE STRENGTH AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - THE FLEXURE FORHULA 

VERY IHPORTANT FORMULA !! 

TEE BENDING STRESSES (NORHAL STRESSES) IN BEAH ARE 
GIVEN BY 

LB u = BENDINC STRESS, G~ 

M = BENDINC HOHENT, IN-LB 

Y = DISTANCE FROH NEUTRAL AXIS, IN 

I = HOHENT OF INERTIA OF SECTION ABOUT 
NEUTRAL AXIS,  IN^ 



THE STRENGTH AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - SECTION HODULUS 

THE HAXIHUH VALUE OF y IS CALLED c. 

ACTUALLY THERE HAY BE DIFFERENT VALUES OF c FOR TOP 
AND BOTTOH, 

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

THEN, 

THERE WILL BE TWO VALUES FOR S CORRESPONDING TO TEE 
TWO VALUES OF c ,  

IN TABLES OF BEAH SECTION PROPERTIES ONLY THE SMALLER 
VALUE OF SECTION HODULUS IS LISTED. 









BASIC NAVAL ARCH1 TECTURE 

U n i t  Number: 

T i t l e :  

Tape Running Time: 

The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 2 

Reading Assignment : MSD, pp 208-209 

A d d i t i o n a l  References: INA, pp 76-81 

Any standard t e x t  i n  "S t reng th  o f  M a t e r i a l "  o r  
"Mechanics o f  Deformable Bodies" 

Scope: 

Bending moment diagrams f o r  s imp ly  supported and c a n t i  l e v e r e d  beams a re  
developed. The Manual f o  Steel  C o n s t r u c t i o n  (S tee l  Handbook) i s  c i t e d  as t h e  
source o f  i n f o r m a t i o n  on bending moment diagrams, usefu l  t ab les ,  and 
p r o p e r t i e s  o f  s t e e l  sec t i ons .  

Key P o i n t s  t o  Emphasize: 

1. Only f o u r  cases which can be developed u s i n g  a  very  s imple  i n t u i t i v e  grasp 
o f  C F = 0 t o  determine r e a c t i o n  f o r c e s  are  presented. Other cases a re  
r e f e r r e d  t o  t h e  Stee l  Handbook. Excerp ts  f rom t h e  Steel  Handbook a re  
r e p r i n t e d  i n  t h e  appendix t o  t h e  problem set .  

2. Try t o  s t r a i g h t e n  ou t  t h e  con fus ion  on s i g n  convent ions,  b u t  no te  t h a t  
t h e r e  i s  l a c k  o f  u n i f o r m i t y  w i t h i n  t h e  i n d u s t r y  on t h i s  sub jec t .  Bending 
moments should be c l e a r l y  1  abel  ed "hogging" o r  "sagging" and s t resses  
should be l a b e l e d  "compressive" o r  " t e n s i l e "  rega rd less  o f  t h e  s i d e  o f  t h e  
b a s e l i n e  on which these q u a n t i t i e s  are  p l o t t e d .  

3. Emphasize g raph ica l  re1  a t i o n s h i p s  between areas, o rd ina tes ,  s lopes and 
cu rva tu re .  

4 .  Se lec t  problems j u d i c i o u s l y  w i t h  background o f  c l a s s  i n  mind. Each p e r i o d  
i n t r o d u c e  problems t o  be assigned f o r  nex t  p e r i o d  w i t h  some exp lana t i on .  
I f  necessary, rep1 ace problems i n  problem s e t  w i t h  problems a t  even a  more 
bas i c  l e v e l .  

Suaaested Problem Assianment : 58. 59 





THE STRENGTH AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - BENDING HOHENT 

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



THE STRENGTE AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - BENDING HOHENTS 

SIGN CONVENTIONS 

POSITIVE 
BENDING 

NEGATIVE 
BENDING 

TO ASSIGN SIGNS TO BENDING HOHENTS LOOK AT TEE 
FORCES AND HOHENTS TO TEE LEFT OF TEE POINT IN 
QUESTION. 

NEGATIVE POSITIVB MECATIVB 



THE STRENGTH AND STRUCTURE OF SBIPS 

B A S I C  CONCEPTS - BENDING HOHENT - 

CONCENTRATED LOAD. 

TEE BENDING HOHENT AT ANY P O I N T ,  x, IS THE SUH OF 
THE HOHENTS TO TEE LEFT OF TEAT POINT. 

F R O H  x = 0 

FROH x = L/2 TO x = L, 









THE STRENGTH AND STRUCTURE OF SHIPS -- 

BASIC CONCEPTS - BE-NDING HOHENT AND SHEAR FORCE -- -- 
DIAGRAMS -- 

CONSIDER A SIUPLY SUPPORTED BEAH WITH A 
CONCENTRATED LOAD. 

~ O R C E  IHPORTANT 
ARGA = 5. z TEE ORDINATE OF THE 

BENDIUG HOHENT DIAGRAH 
EQUALS TEE TOTAL AREA 
TO TEE LEFT OF TEE 
POINT ON TEE SHEAR 

/ 11 - FORCE DIAGRAH 





TEE STRENGTB AND STRUCTURE OF SHIPS 

STEEL HANDBOOK 
1 . 14 

b 9 

W SHAPES 
Dimensions 



TEE STRENGTB AND STRUCTURE OF SBIPS 

STEEL BANDBOOK 
1 .119  

For various static loading conditions 
f o r m e a q o l ~ , r c r p l c 2 . 1 1 1  

I-v . . . . . . . . . .  
. . . . . . . . . . .  V' 

M, (em*). . . . . .  

16. BEAM FIXED AT BOTH ENDS--CONCENTRATED LOAD AT 

. .  l o W E q u ) v . U n l h r m U . .  - C  

n - V  . . . . . . . . . .  

17. BEAM FIXED AT BOTH ENDS--CONCENTRATED LOAD AT 
ANY POINT 



Problem 3 

Problem w: Baslc 

Construct shear force and bending moment dlagrams f o r  t h e  beams and loadings 
shown below. Ind lca te  on the  dlagrams the  rnaxlmum values o f  shear force and 
bending moment. 

( a )  Simply supported, concentrated load 

(b) Simply supported, uniform load 

( C)  Cant i levered,  concentrated load 

( d l  Cant i levared,  uniform load 

( e )  F i n d  t h e  l o c a t i o n  and magn i tude  o f  t h e  maximum bend ing  s t r e s s  i n  each 
o f  t h e  above beams i f  each i s  a  W10 x 45 s e c t i o n .  The p r o p e r t i e s  o f  
t h e  s e c t i o n  i n  t h e  t a b l e  i n  t h e  appendix t aken  f r om t h e  - S t e e l  
C o n s t r u c t i o n  Manual. 



problem 5$ 

?-Level: Basic 

A V,'-shape s t e e l  beam has t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  as l i s t e d  i n  t he  
BJSC Manual o f  Steel Con&ructio@, Eighth Edl t fon.  

Designation: W 12 x 58 

Area, i n2: 17.0 

Depth, i n :  12.19 

C t p e r f t ,  I b / f t :  58 

F i n d  t h e  maximum u n i f o r m  l o a d  I n  l b s / f t  t h a t  t he  beam can suppor t  w i t h o u t  
exceedins an al lowable s t ress  o f  18,000 1bs/in2. 

( a )  on a 30-foot simply supported span 

(b)  on a 25-foot simply supported span 

( c )  on a 20-foot simply supported span 



Frrok.4 y r o  To % = + S F -  SF = 5 c . 0 ~  C ~ S  
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- 

I - S o c  
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 32 

T i t l e :  - The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 3 

Tape Running Time: 32M 11' 

Readi ng Assignment : No new m a t e r i a l  

A d d i t i o n a l  References: PNA, pp 167-171, 181-185 

Scope : 

C a l c u l a t i o n  o f  t h e  moment o f  i n e r t i a  and t h e  s e c t i o n  modulus o f  a  s t r u c t u r a l  
s e c t i o n  us ing  a  t a b u l a r  format i s  presented. A p p l i c a t i o n  o f  t h e  T rans fe r  o f  
Axes Theorem i s  expla ined.  An example of s t r e s s  a n a l y s i s  i s  developed us ing  a  
t y p i c a l  s t r u c t u r e  found on ships.  

Key Po in ts  t o  Emphasize: 

1. Go over t h e  Transfer  o f  Axes formula  c a r e f u l l y .  Th is  i s  always a  source 
o f  confusion.  Minimum i n e r t i a  ( f o r  a  homogeneous m a t e r i a l )  a1 ways occurs  
a t  t h e  c e n t r o i d a l  ax is.  

2. Go over t h e  example o f  t h e  c a l c u l a t i o n  o f  t h e  s e c t i o n  modulus i n  d e t a i l .  
Emphasize tabu1 a r  format. M o t i v a t o r  i s  c a l c u l a t i o n  ,of s h i p  s e c t i o n  
modulus (a l though t h e  u n i t s  o f  I are d i f f e r e n t ) .  See Fig., 15, 16, PNA, 
pp 183. 

3. Go over s t r e s s  a n a l y s i s  example. E x p l a i n  why t h e  b racke t  and connect ions 
l ead  t o  modeling t h e  s t r u c t u r e  w i t h  b u i l t - i n  ends. 

4 .  Review t h e  i n f o r m a t i o n  g i ven  i n  Stee l  Handbook, "Beam Diagrams and 
Formulas", pp 2-114 t o  2-125. Discuss o t h e r  i n fo rma t ion  t h a t  can be 
ob ta ined  from t h i s  source. 

5. Exp la in  t h e  c a l c u l a t i o n  o f  maximum s t r e s s  and where i t  occurs. Ask c l a s s  
whether i t  i s  comprehensive o r  t e n s i l e .  

Suqqested Problem Assi anment : 60. 61 









THE STRENGTH A N D  STRUCTURE OF S H I P S  

BASIC CONCEPTS - EXAMPLE 

SOLUTION (CON'T)  

- THE AREA I S :  24.5 taZ 

- THE HEIGHT OF THE NEUTRAL A X I S  I S :  
7 . 9 0  IN. ABOVE rH€ 

- THE HOHENT OF I N E R T I A  I S  : 2022-5 IN' - ~ e o u ~  @ 

BUT THE HOHENT OF I N E R T I A  HUST BE TRANSFERRED TO THE 
NEUTRAL A X I S  (CENTROID) . 
USE THE TRANSFER OF AXES FORHULA AGAIN 

WHERE I, - - HOHENT OF I N E R T I A  ABOUT CENTROID. 

I i  = HOHENT OF I N E R T I A  ABOUT f& . 
A -. 

I AREA OF SECTION.  

Y = TRANSFER DISTANCE FROM & TO CENTROID. 



THE STRENGTH AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - EXAHPLE 

SOLUTION (CON'T) 

THEN, LA = I+ - Arz 

ALSO THE DISTANCE, c, TO THE'BOTTOH FLANGE IS 

=ear = 7.98 I N  

- 5 -7 .98 fitd 3.27'8~. SO THAT =TOP - 

THEN 



TBE STRENGTR AND STRUCTURE ~ - OF SRIPS 

BASIC CONCEPTS - EXAHPLE - 

TJE DECK SROWN BELOW IS TO BE DESIGNED FOR A 
READ Of SALTWATER OF 15 IT. 

TEE ALLOWABLE STRESS FOR THIS STRUCTURE IS 
(I ALL = 20,000 LBS/IHz. 

FIND THE LOCATION AND HACNITUDE OF TEE 
RAXIHUR BENDING STRESSES AND URETRER OR NOT 
TBESE STRESSES WILL EXCEED TIE ALLOWABLE 
STRESS. 

TEE PLATING AND STIFFENERS SBOWN ARE TROSE OF 
THE PREVIOUS EXAMPLE. 





THE STRENGTH AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - EXAMPLE 

FROH THE MANUAL OF STEEL CONSTRUCTION THE 
FOLLOWING INFORHATION IS OBTAINED: 

I 

15. BEAM FIXED A T  BOTH ENDS-UNIFORMLY DISTRIBUTED 
LOADS 

&I Total Equlv. Unlfarm Lord . . . . -  - a 
r l  R - V  . . . . . . . . . .  

R 
i 

I vn - - ( i - n )  . . . . . . . . . . .  
wl*  Y man.( a t  andm ) . . . . . . -  - 
12 

-1' M, (mt-ntar). . . . . .  -- 
N 
w M a  . . . . . . . . . . . .  (01s- 1 . - h * )  

ul* I* ~ m m a .  (a t -ntr )  . . . . . . -  - 
8uEt 

m. urn' 
A. . . . . . . . . . . .  -- *,L, ( 1  - a). 



THE STRENGTH AND STRUCTURE OF SHIPS 

BASIC CONCEPTS - EXAHPLE 

CAUTION! IN STRUCTURAL PROBLEHS YOU WILL 

FIND A STRANGE HIX OF UNITS - TONS, TONSIFT, 
TONS/FTz, LBS, LBSIFT, LBSIFTS, LBSIINZ, IN, 

3 INZ, IN , 4 
IN , IN'-FT', AND SO ON. 

JUST BE CAREFUL TO KEEP YOUR UNITS STRAIGHT! 



THE STRENGTH AND STRUCTURE OF SBIPS 

BASIC CONCEPTS - EXAHPLE - - - - -- -- 

SINCE TEE SECTION MODULUS IS CONSTANT ACROSS 
TEE SPAN, THE HAXIHUH STRESS MILL OCCUR AT 
TEE LOCATION OF TEE HAXIHUH BENDING YOHENT. 
IN THIS CASE, TEE HAXIHUH BENDING HOHENT 
OCCURS AT TEE ENDS AND IS: 

TEE KEY RELATIONSHIP IS 

TEE SHALLER VALUE OF S WILL GIVE TEE LARGER 
STRESS. THIS WAS 



TEE .- STRENGTB AND STRUCTURE OF SEIPS 

BASIC CONCEPTS - EXAHPLE 

CONCLUSION 

H( L= M = -  
12 

M c =  - M 9C0,OOO tA-LB = 
a - m  - LB3 

T /c S 57.9 rw3 ' 6 ,580  

THE HAXIHUH BEHDING STRESS WILL OCCUR AT TEE 
TOES OF TEE SUPPORT BRACKETS IN TEE FLANGE OF 
TEE STIFFENER AND IS BELOW TEE ALLOWABLE 
STRESS OS 20,000 LBS/INZ. 



BASIC NAVAL ARCHITECTURE 

Problem 60 

Pro b l  em Level : Basic 

A shop gan t ry  supports a  c h a i n  h o i s t .  The gan t ry  beam i s  a  m i l d  s t e e l  
W10 x  30 w i t h  a  y i e l d  s t r e n g t h  o f  a y  = 32,000. Find the  maximum l o a d  t h e  
c h a i n  h o i s t  can l i f t  w i t h  a  f a c t o r  o f  s a f e t y  (on y i e l d  s t r e n g t h )  o f  1.5. 
Neglect  t h e  weight  o f  t h e  beam and t h e  cha in  h o i s t .  

Quest ion:  - What end c o n d i t i o n s  w i l l  you assume i n  your  a n a l y s i s ?  

Note: The p r o p e r t i e s  o f  t h e  s e c t i o n  may be found from t a b l e s  i n  t h e  appendix - 
taken from Manual o f  Stee l  Const ruc t ion.  



Problem_Fjl 

Problem Level: Basic 

For each o f  the fo l lowlng shapes f lnd: 

2 (a)  the cross sect ional  area i n  I n  , 
( b )  the  l oca t ion  of the neutral  ax ls  above the base l i n e  I n  inches, 

( c )  the  moment o f  ' l n e r t l a  of the sect lon about the neutra l  ax ls  i n  in4, 

( d l  the  sect ion modulus of the sect ion 1) t o  the upper flange, and 2 )  t o  
the  base 11 ne, 

( e l  The weight o f  each shape I s  proport ional  t o  I t s  cross sect lonal  area. 
By comparing t h e  s e c t l o n  modulus ( s m a l l e r )  t o  t h e  c ross  s e c t l o n a l  
area i n f e r  whlch sect lon I s  most e f f l c i e n t  I n  terms o f  strength per 
u n i t  welght and which sect ion I s  l e a s t  e f f i c i e n t .  
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RASIC NAVAL ARCHITECTURE 

U n i t  Number: 

T i t l e :  - The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 4 

Tape Running Time: 34M 2zS 

Reading Assignment: MSD, pp 210-212 

A d d i t i o n a l  References : INA, pp 82-91 

PNA, pp 168-171 (repeated) 

Scope : 

S t reng th  curves f o r  a  barge example are  developed. C l a s s i f i c a t i o n  of loads  by 
t ype  i s  discussed, The key events i n  t h e  s t r u c t u r a l  des ign  c y c l e  a re  
descr ibed.  ABS Rules a re  in t roduced.  

Key Po in t s  t o  Emphasize: 

1. Go over t h e  barge s t r e n g t h  curve  example i n  d e t a i l .  Try t o  s t r a i g h t e n  out  
t h e  s i g n  convent ion  mess i n  t h e  s t u d e n t ' s  mind. Again, emphasize phys i ca l  
meaning -- hogging, sagging , tens ion ,  compression. 

2. As i n  p rev ious  examples emphasize g raph ica l  i n t e r p r e t a t i o n  o f  curves -- 
area, o rd ina te ,  slope, cu rva tu re .  

3. Make t h e  p o i n t  a t  t h i s  s tage -- maximum bending s t resses  u s u a l l y  occur i n  
t h e  midships reg ion  i n  t h e  deck and on t h e  q u a r t e r  p o i n t s  a t  t h e  n e u t r a l  
a x i s  which i s  o f t en t imes  i n  t h e  v i c i n i t y  o f  t h e  w a t e r l i n e ,  

4. Review c l a s s i f i c a t i o n  o f  l oads  and key events i n  t h e  design cyc le .  
Emphasize i t e r a t i v e  n a t u r e  o f  design cyc le .  

5 .  At t h i s  s tage t h e  o n l y  p o i n t  t o  be made about ABS Rules i s  t h a t  t hey  
e x i s t .  Show ABS Rule Book i n  c l a s s  bu t  d o n ' t  go i n t o  much d e t a i l .  

Suggested Problem Assignment: 62 o r  63, 64 



THE STRENGTH AND STRUCTURE OF SHIPS 

LOADS ON THE SHIP'S STRUCTURE 

CLASSIFICATION OF LOADS 

PRIHARY LOADS - DOHINANT LOADS WHICH DRIVE THE 
OVERALL STRUCTURAL DESIGN, E.G., WAVE-INDUCED 
LOIVCITUDINAL BENDING LOADS 

SECONDARY LOADS - SIGNIFICANT LOADS UEICH 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 
HACBINERY WEIGHTS ON STRUCTURAL FOUNDATIONS 



THE STRENGTH AND STRUCTURE OF SHIPS 

LOADS ON THE SHIP'S STRUCTURE 

CLASSIFICATION OF LOADS BY DYNAMIC TYPE 

1. STATIC LOADS. 

- LONGITUDINAL BENDING MOHENTS ARISING FROB 
DIFFERENCE IN DISTRIBUTION OF WEIGHT AND 
BUOYANCY IN STILL WATER 

- WEIGHTS OF STRUCTURE, EQUIPIENT AND HACBINERY 
- CARGO WEIGHT 
- DRYDOCKING LOADS 
- THERHAL LOADS 











TEE STRENGTH AND STRUCTURE OF SHIPS 

LONCITUDIlAL BENDING HOHENT II STILL WATER 

COISIDER AN IDEALIZED RECTANGULAR BARGE UNIFORHLY 
LOADED IN STILL WATER, 

TGNS OF WEIGHT OR 
BUOYANCY PER FT. 

/ 
WEIGHT BUOYANCY 

I CURVE 

I t I BASE 

THERE IS NO DIFFERENCE BETWEEN TEE WEIGHT LOAD AND 
TEE BUOYANT SUPPORT, THUS THERE IS NO BENDING HOHENT. 



THE STRENGTH AND STRUCTURE OF SHIPS 

LONGITUDINAL BENDING HOHENT IN STILL WATER 

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

WEIGHT 
BUOYANCY 

CONDITIONS FOR EQUILIBRIUH: 

THE TOTAL AREA UNDER THE WEIGHT CURVE HUST EQUAL 
THE TOTAL AREA UNDER THE BUOYANCY CURVE. 

TEE CENTROID OF THE AREA UNDER TEE WEIGHT CURVE 
(LCG) HUST BE IN THE SAHE LONGITUDINAL LOCATION 
AS THE CENTROID OF TEE BUOYANCY CURVE (LCB). 



TEE STRENCTE AND STRUCTURE OF SHIPS 

LOIGITUDIWAL BENDING HOHENT IN STILL WATER 

SHEAR 
mu= 

MNoWG 
MOMENT 

L 
/ I \ 



THE STRENGTH AND STRUCTURE OF S H I P S  

LONGITUDINAL BENDING HOHENT I N  S T I L L  WATER 

r E E  ORDINATE OF TEE SHEAR FORCE CURVE AT A POINT I S  
EQUAL TO THE TOTAL AREA ( P O S I T I V E  AND NEGATIVE) TO 
rHE LEFT OF THE POINT ON THE LOAD CURVE. 

TEE ORDINATE OF TEE BENDING HOHENT CURVE AT A POINT 
I S  EQUAL TO THE TOTAL AREA ( P O S I T I V E  AND IEGATIVE)  TO 
THE LEFT OF THE POINT I N  THE SHEAR FORCE CURVE. 







THE STRENGTH AND STRUCTURE OF SHIPS 

RECTANGULAR BARGE EXAMPLE (CON'T) 

SOLUTION 

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

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



THE STRENGTH AND STRUCTURE OF S H I P S  

RECTANGULAR BARGE EXAMPLE (CON'T)  

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

THE LENGTH OF EACH COMPARTMENT I S  

THE TANK WILL BE LOADED TO A DEPTH OF 

TAKE THE S P E C I F I C  VOLUHE OF FRESH WATER TO 
BE 36 F T 3 / T O I .  THEN THE WEIGHT OF TEE 
WATER I N  EACH TANK I S :  



THE STRENGTH AND STRUCTURE OF SHIPS 

RECTANGULAR BARGE EXAMPLE (CON'T) 

STEP 2. (COH'T) THE WEIGHT PER FOOT OF THE WATER IN 
THE TANK WILL BE: 

THEN 

AND THE BUOYANCY PER FOOT WILL BE 













THE STRENGTH AND STRUCTURE OF SHIPS 

RECTANGULAR BARGE EXAHPLE (CON'T) 

STEP 8. PLOT THE BENDING HOHENT DIAGRAH. 





THE STRENGTH AND STRUCTURE OF SHIPS 

RECTANGULAR BARGE EXAMPLE (CON'T) 

STEP 9. (CON'T) 

AT THE 7 5 ' 9 0 "  BID: 

d,, = M75 - " + 195.3 FT-TOrJS I 2240 LBS 

$ 6 0 ~  174.55 IN'-- 1 TON 



THE STRENGTH AND STRUCTURE OF SHIPS 

RECTANGULAR BARGE EXAMPLE (CON'T) 

STEP 9. (CON'T) 

AT THE Q l l  BHD: 

AT THE 2 5 ' 0 0 "  BED: 



THE STRENGTH AND STRUCTURE OF SHIPS 

RECTANGULAR BARGE EXAMPLE (CON'T) 

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



P a m  L e d :  Intermediate 

Compute t h e  a r e a  c e n t r o i d ,  and moment of  I n e r t i a  o f  t h e  p l a n e  a r e a s  shown 
below. Use the  u n i t s  indicated f o r  each problem. 

a Panel o f  r t l f f r n e d  s t e e l  p l a t e .  (Area = i n 2  cent ro ld  = I n ,  I l n 4 )  

( b )  Hldship re t l o n  o f  double bottom b r g  . 5 I f  (Area = I n  , centro ld  = f t ,  1 = i n  ft 



Problem 63 

Problem Level: Intermediate 

The e f f e c t l v e  cont lnuous 1 o n g I t u d l n a l  s t r u c t u r e  a t  t h e  m ldsh lp  s e c t l o n  o f  a  
vesse l  I s  shown below. The maxlmum des lgn  bendlng moments a t  t h l s  l o c a t f o n  
are: 

Max l mum hogg l ng moment : 80,000 t o n - f t  

Maximum sagglng moment: 60,000 t o n - f t  

C a l c u l a t e  t h e  S e c t l o n  Modulus o f  t h e  vesse l  a t  t h l s  l o c a t i o n  and t h e  bendlng 
stresses which the above bendlng moments w i l l  produce. Use a  tabu lar  format 
f o r  the calculation. 



Problem I evel :  Basic 

An ana lys is  has been made o f  t he  bending moments o f  a 528t-011 cargo vessel on a 
L/20 wave: 

Maximum hoggi ng moment = 360,000 f t - tons  

F?aximum sagging moment = 60,000 f t - t ons  

The Moment o f  I n e r t i a  and l o c a t i o n  o f  t h e  Neut ra l  Axis have been ca lcu la ted  t o  
be: 

Ina  
- - 1,080,000 i n2-ft2 

A 

Find: (a )  Sect ion Modulus, - , f o r  both top and bottom (Uni ts :  i n2 - f t )  
C 

(b )  Maximum s t r ess  I n  hogging and sagging cond i t i on  i n  t h e  deck and 
i n  t h e  b o t t o m  ( 4  c o n d i t i o n s ) .  S t a t e  whe ther  t h  s t r e s s  i s  1 t e n s i l e  o r  compressive. (Un i t s  f o r  s t ress  = I b s / i n  

Be carefu l  about u n i t s  i n  t h i s  problem. 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 3 4 

T i t l e :  - The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 5 

Tape Running Time: 34M oS 

Reading Assignment: MSD, pp 212-216 

A d d i t i o n a l  References: INA, pp 92-96 

PNA, pp 172-191 

I n  t h i s  u n i t  t rea tment  o f  s t r e n g t h  curves progresses from t h e  example of t h e  
barge i n  s t i l l  water o f  t h e  l a s t  u n i t  t o  sh ips  i n  s tandard  waves. Example 
curves taken from PNA a re  presented. C l a s s i f i c a t i o n  s o c i e t i e s  a r e  d iscussed 
f u r t h e r  and ABS 1 ongi  t u d i  nal  h u l l  g i r d e r  s t r e n g t h  requirements a re  out1  ined. 
A method o f  e s t i m a t i n g  des ign bending moments i s  given. D i f f e r e n c e  between 
s t r e n g t h  and s t i f f n e s s  i s  def ined.  

Key Po in ts  t o  Emphasize: 

1. Suggest making t ransparenc ies  o f  key f i g u r e s  i n  PNA, pp 172-191. St ress  
Figs. 6, 9, 10, 11, 14, 15, 16 and 19 ( impor tan t ) .  Cover as much as t i m e  
w i l l  permi t .  

2 .  To spend t i m e  on ABS Rules a t  t h i s  stage would be n i c e  if t n e  t i m e  were 
a v a i l a b l e  -- but i t ' s  not .  B e t t e r  s imply  t o  emphasize t h a t  t h e  r u l e s  a re  
t h e r e  and t h a t  anyone i n v o l v e d  i n  s t r u c t u r a l  des ign should be i n t i m a t e l y  
i n v o l v e d  w i t h  them. 

3. Emphasize d i f f e r e n c e  between s t r e n g t h  and s t i f f n e s s .  

Suggested Problem Assignment: 65 



THE STRENGTH AND STRUCTURE OF SHIPS 

LOIVGITUDINAL BENDING HOHENT IN STILL WATER 

ACTUAL SHIP CURVES IN STILL WATER 



THE STRENGTH AND STRUCTURE OF SHIPS 

LONGITUDINAL BENDING HOHEHT IN WAVES 

SAGGING AND BOGGING CONDITIONS 

I lo)  VESSEL IN STILL WATER 

I (b) VlESSEL IN SAGGING CONDITION 

I (c )  VESSEL IN HOGGING CONDITION 
I 





TEE STRENGTH AND STRUCTURE OF SHIPS 

LOlGITUDINAL BENDING HOHENT IN WAVES 

TYPICAL WEIGHT AND BUOYANCY CURVES 

LOAD WEIOHT 

HULL WEIGHT 

a = STILL-WATER CONDITION 
b = SAGGING CONDITION 
c = HOGGING COIDITION 



THE STRENGTH AND STRUCTURE OF SHIPS 

LOHGITUDINAL BENDING WOHENT IN STILL WATER 

SHIP CURVES - SAGGING CONDITION 

TENSION 

STRESS 

COMPRESSION 



THE STRENGTH AND STRUCTURE OF SBIPS 

LONGITUDINAL BENDING HOHENT IN WAVES 

SBIP CURVES - BOGGING CONDITION 
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THE STRENGTH AND STRUCTURE OF S H I P S  

ABS REQUIREMENT-LOIVGITUDINAL HULL GIRDER 

S T I L L  WATER B H ,  
2 .5  

I, = ( C S t ) ( L  mB) (C* + - 5 )  

C ~ t  = LENGTH-DEPENDENT COEFFICIENT 
L ,  B = LENGTH, BEAH 

C b  = BLOCK COEFFICIENT 

WAVE INDUCED HOMENT, n~ = ( C 2 )  (LzeB) ( 1 )  (Ib) 

C2 = BLOCK-DEPENDENT COEFFICIENT 
B = WAVE HEIGHT PARAHETER DEPENDENT OW S H I P  

LENGTH 

Kb = ANOTHER BLOCK-DEPENDENT COEFFICIENT 







THE STRENGTH AND STRUCTURE OF SHIPS 

STRENGTH AND STIFFNESS 

TEE 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 
HATERIAL. 



BASIC NAVAL ARCHITECTURE 

Problem 65 

Problem Level  : Advanced 

Par t  A :  A r e c t a n g u l a r  barge has t h e  f o l l o w i n g  dimensions: 

The barge i s  d i v i d e d  i n t o  18 ho lds  by two l o n g i t u d i n a l  bulkheads a t  2 0 - f t  
spacings and f i v e  t ransve rse  bulkheads a t  35 - f t  spacings. 

With no cargo on board (1 i g h t  s h i p )  t h e  barge f l o a t s  i n  s a l t  water  a t  a d r a f t  
o f  2 ' -0"  f o r e  and a f t .  Holds 1 th rough  6 and 13 through 18 a re  now f i l l e d  t o  
t h e  t o p  w i t h  pet ro leum p roduc ts  a t  40 f t 3 / t o n .  Holds 7 th rough 12 a re  l e f t  
void.  Note t h a t  t h e  molded depth o f  t h e  tanks  i s  20.00'. 

Assuming t h e  s t r u c t u r a l  weight  o f  t h e  barge i s  u n i f o r m l y  d i s t r i b u t e d  p l o t  t h e  
load,  shear f o r c e ,  and bending moment curves. Take buoyancy, shear fo rce  up, 
and sagging moments as p o s i t i v e .  Use 10 x 10 t o  t h e  112- inch graph paper and 
p l o t  t h e  curves us ing  i ns t rumen ts  (French curve and s t r a i g h t  edge) t o  t h e  
f o l  1 owing sca les :  



B A S I C  NAVAL ARCH1 TECTURE 

Problem 65 ( con t i nued )  

Problem Level : Advanced 

Length = 1" = 3 5 1  

Weight and Buoyancy = 1" = 10.00 t o n s / f t  

Shear Force = 1" = 500 tons  

Bending Moment = 1" = 10,000 f t - t o n s  

P a r t  B: A s i m p l i f i e d  midsh ip  s e c t i o n  drawing o f  t h e  barge i s  shown below. 

1) The barge i s  cons t ruc ted  o f  20.4# s t e e l  p l a t e  throughout .  F ind  t h e  
h e i g h t  o f  t h e  n e u t r a l  a x i s  above t h e  base l i n e  ( i n  f e e t  a  d  decimals)  I and t h e  s e c t i o n  modulus of t h e  deck and bottom ( i n  i n  - f t ) .  Use 
s tandard  tabu1 a r  format f o r  t h e  c a l c u l a t i o n .  

2 )  Under extreme l o a d i n g  c o n d i t i o n s  and i n  an L/20 t r o c h o i d a l  wave i t  i s  
c a l c u l a t e d  t h a t  t h e  barge would exper ience t h e  f o l l o w i n g  bending 
moments : 

Hogging: 80,000 f t - t o n s  
Sagging: 60,000 f t - t o n s  

F ind  t h e  s t resses  i n  t h e  deck and bot tom f o r  each case and s p e c i f y  
whether they  a re  t e n s i l e  o r  compressive. 

3 )  A s t r e n g t h  a n a l y s i s  i n d i c a t  s  t h e  barge w i l l  f a i l  i n  t e n s i o n  a t  a  B c r i t i c a l  s t r e s s  o f  12 t o n s l i n  and ou ld  f a i l  i n  compression by b u c k l i n g  r a t  a  c r i t i c a l  s t r e s s  o f  9 t o n s / i n  . Determine whether o r  no t  f a i l u r e  
w i l l  occur  i n  any mode. F ind  t h e  f a c t o r  o f  s a f e t y  aga ins t  f a i l u r e  i n  
each mode. 



















BASIC NAVAL ARCHITECTllRE 

U n i t  Number: 35 

T i t l e :  The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 6 

Tape Running Time: 34M l e s  

Reading Assignment : MSD, pp 216-219 

A d d i t i o n a l  References : SDC, pp 339-357 

I N A ,  pp 60-74 ( repeated)  

Scope : 

P r o p e r t i e s  o f  s h i p b u i l d i n g  s t e e l s  are d iscussed t o g e t h e r  w i t h  t h e  t e n s i l e  t e s t  
and Charpy vee-notch t e s t  f o r  mehsurement of p r o p e r t i e s .  Other m a t e r i a l  t e s t s  
a r e  no t  discussed. P r o p e r t i e s  o f  aluminum and GRP are descr ibed b r i e f l y .  
Types o f  s t e e l  shapes are descr ibed t o g e t h e r  w i t h  de r i ved  shapes ( I - T ' s ,  
C-L's, b u i l t - u p s ,  etc. )  

Kev Po in t s  t o  Em~has ize :  

1. With t h i s  u n i t  we a re  proceeding i n t o  an area which w i l l  have more d i  r e c t  
re levance t o  many students,  Use SDC h e a v i l y  as re ference f o r  remaining 
u n i t s  on s t r u c t u r e ,  If t ime  pe rm i t s  d iscuss  o t h e r  types  o f  m a t e r i a l  t e s t s  
-- Br ine11 hardness, Rockwell hardness, f a t i g u e ,  e t c .  

2, I n  t h i s  u n i t  emphasize types  o f  s t i f f e n e r s  -- standard, m o d i f i e d  and 
b u i  1  t-up. Discuss p l  a t e - s t i f f e n e r  combinat ions and t h e  t r a d e - o f f s  between 
m a t e r i a l  cos ts ,  l a b o r  cos ts ,  and weight  i n  s e l e c t i n g  t h e  s t i f f e n e r  type,  

3. The v ideo tape makes t h e  p o i n t  t h a t  "weight  i s  money" which i n  l a r g e  p a r t  
i s  t r u e ,  but  w i t h  except ions ,  f o r  example i n  a  n o n - w e i g h t - c r i t i c a l  sh ip ,  
i t  may pay t o  ove rs i ze  some s t i f f e n e r s  and/or  p l a t i n g  t o  reduce t h e  number 
o f  s i zes  ordered, reduce hand1 i n g  and i n v e n t o r y  cos ts  and improve 
p r o d u c i b i l i t y .  Suggest opeping t h i s  sub jec t  f o r  a c t i v e  c l a s s  d iscuss ion .  

4. I f  sponsor ing i n s t i t u t i o n  i s  a sh ipya rd  d iscuss  i n  as much d e t a i l  as t ime  
pe rm i t s  sh ipyard  p r a c t i c e s  i n  t h i s  area. 

Suggested Problem Assignment: 







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 

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 HETAL TO 
DEFORM WITHOUT BREAKING. STEELS LOSE THEIR DUCTILITY 
AND BECOME BRITTLE AS TEMPERATUREJS LOWERED AFTER 
TBEY PASS THROUGH A TRANSITION TEHPERATURE RANGE. 

INDICATORS OF DUCTILITY ARE PERCENT ELONGATION AND 
PERCENT REDUCTION IN AREA IN THE TENSILE TEST. 







THE STRENGTH AND STRUCTURE OF SHIPS 

ALUMINUPl 

ALUMINUM IS AVAILABLE IN YIELD STRENGTHS COMPETITIVE 
WITH STEEL, BUT TBE 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 45-508 AS HUCH AS A STEEL STRUCTURE 

ALUHINUM 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, 

ALUHINUM IS USED EXTENSIVELY IN HIGH-SPEED SHALL 
SHIPS SUCH AS HYROFOIL CRAFT, GUNBOATS, SES AND ACV 
CRAFT. 







THE STRENGTH AND STRUCTURE OF SHIPS 

HOT ROLLED STEEL SHAPES 

CHANNELS 

C SHAPES 

(AHERICAN STANDARD CHANNELS) 
(3" TO 15" DEPTH, 4.1 TO 50 LBSIFT) C x 

HC SHAPES 

(HISCELLANEOUS CHANNELS) 
Y 
I 

(6" TO 18" DEPTH, 12 TO 58 LBSIFT) 

ANGLES 

L SHAPES 

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

TO 9" X 4" X 26.3 LBSIFT) 
V 



TEE STRENGTH AND STRUCTURE OF SHIPS 

HOT ROLLED STEEL SHAPES 

TEES 

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

- AVAILABLE FROM 1.5" TO 18" DEPTH, 6.5 TO 150 
LBSIFT 

I-T 

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

- USUALLY DONE AT THE SHIPYARDS. 
C-L 

(1 

- DEEPER ANGLE SECTIONS CAN BE MADE BY CUTTING THE 
< ' I  
1 

FLANGE FROM A CHANNEL SHAPE. 
' 1 





THE STRENGTH AND STRUCTURE OF S H I P S  

WEIGHT OF STEEL PLATE 

REHEHBER T H I S  NUMBER ! ! 

ONE SQUARE FOOT OF STEEL ONE INCH THICK WEIGHS 4 0 . 8  
LBS 

- THEN 112" - 2 0 . 4  L B S / F T '  

7 / 1 6 "  = 17 .85  LBS/PTz . . . ETC.  



THE STRENGTH AND STRUCTURE OF SHIPS 

STIFFENERS 

HANY SBIP STRUCTURES CONSIST OF STIFFENED PLATING. 

SINCE WEIGHT IS MONEY THE OBJECTIVE IN SELECTING 
PLATING-STIFFENER COMBINATIONS IS TO GET THE HAXIHUH 
SECTION MODULUS - FOR THE MINIMU!! WEIGHT. 

STEEL IN THE FLANGES OF A W, H, 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. 





THE STRENGTH AND STRUCTURE OF SHIPS 

STIFFENERS 

COHHONLY USED STIFFENERS 

I - T  FLANGED BUILT-UP 
PLATE TEE 

FB 

1 C-L A L  - 
\ r  7 r 1r 1 w 

C 
L 

1 i 3 

a L 



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. 



BAS I C NAVAL ARCHITECTURE 

Problem 66 

Problem Leve l :  I n te rmed ia te  

The purpose o f  t h i s  problem i s  t o  g i v e  t h e  s tuden t  some exposure t o  ABS Rules, 
Sect ions  11.5 and 11.7 o f  t h e  Rules a r e  a t tached  t o  t h e  problem and Sec t i on  11 
i s  reproduced i n  t h e  appendix. 

A system o f  l o n g i t u d i n a l  g i r d e r s  and t r a n s v e r s e  deck beams suppor t  a f reeboard  
deck. Each g i r d e r  supports a 2 0 - f t  b read th  o f  deck. The span between t h e  
p i l l a r s  suppor t i ng  t h e  g i r d e r s  i s  20'-0". Brackets  a r e  n o t  f i t t e d .  The he igh t ,  
h, f o r  t h e  beams supported has been found f rom S e c t i o n  10  t o  be 7.5 ft. 

The upper f l a n g e  o f  t h e  g i r d e r  c o n s i s t s  o f  an e f f e c t i v e  b read th  o f  40.8 1b  
p l a t e  o f  60 inches.  The g i r d e r  i s  t o  be b u i l t  up as a t e e  w i t h  a 30.6 1 b  p l a t e  
web and a 40.8 1 b p l a t e  f l ange .  The r a t i o  o f  t h e  depth  o f  t h e  g i r d e r  (below 
t h e  deck) t o  t h e  w i d t h  o f  t h e  f l a n g e  i s  t o  he 2.0. 

Determine t h e  depth (below t h e  deck) and t h e  f l a n g e  w i d t h  o f  t h e  g i r d e r .  

Comment: An a n a l y t i c a l  s o l u t i o n  t o  t h i s  problem i s  poss ib le ,  b u t  v e r y  messy. 
T r y  a range o f  g i r d e r  depths (below t h e  deck) f rom 14 t o  16 inches.  P i c k  t h e  
depth  t o  rough ly  a h a l f - i n c h  t h a t  s a t i s f i e s  t h e  s e c t i o n  modulus requ i rements  
determined from t h e  Rules. 







BASIC NAVAL ARCHITECTURE 

Pro b l  em 67 

Probl  em Level : Bas ic  

The f langes o f  a  W10 x 30 a r e  t o  be c u t  o f f  t o  form a  t e e  o f  t h e  same depth, 
as shown below. 

Compute t h e  f o l l o w i n g  p r o p e r t i e s  o f  t h e  r e s u l t i n g  s e c t i o n :  

Area 

Depth 

I 
X-X 

C t o p  

Neg lec t  t h e  e f f e c t  o f  f i l l e t s  and t r e a t  t h e  web and f l a n g e  as s imple  rec tang les .  

Comments: The purpose o f  t h i s  problem i s  t o  i l l u s t r a t e  t h e  procedure by hand 
m i o n .  I n  p r a c t i c e ,  i t  i s  much e a s i e r  t o  l o o k  up t h e  p r o p e r t i e s  o f  
W-Ts and I -Ts  i n  t h e  handbook c i t e d  i n  Problem 66. Because o f  t h e  assumption, 
t h e  p r o p e r t i e s  you f i n d  w i l l  d i f f e r  s l i g h t l y  f rom t h e  t a b u l a t e d  values.  





?d .;; C.. 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 36 

T i t l e :  - The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 7 

Tape Running Time: 33M g S  

Reading Assignment : MSD, pp 219-220 

Add i t i ona l  References : SDC, pp 275-278, 

Scope : 

This  d iscusses common causes f o r  s t r u c t u r a l  f a i l u r e s  i n c l u d i n g  l o c a l  
p l a s t i c i t y ,  column and p l a t e  buck l  ing,  b r i t t l e  f r a c t u r e ,  f a t i g u e  c rack ing ,  
s t r e s s  concent r a t  ions.  The importance o f  s t r u c t u r a l  c o n t i n u i t y  i s  
discussed. Hard spots,  crack a r r e s t o r s  a r e  i l l u s t r a t e d .  Causes f o r  c r a c k i n g  
a r e  o u t l i n e d .  

Key Po in ts  t o  Emphasize: 

1. If p o s s i b l e  o b t a i n  photographs of s t r u c t u r a l  f a i  1 ures,  p a r t i c u l a r l y  
b u c k l i n g  and crack ing,  t o  i l l u s t r a t e  t h i s  u n i t .  

2. Emphasize s t i f f e n e d  p l a t e  buck l  i n g  modes w i t h  supplemental examples. 

3. Discuss S-N diagrams, f a t i g u e  and f a t i g u e  c rack ing ,  i n f l u e n c e  o f  
temperature. 

4 .  Discuss b r i t t l e  f r? .c ture ,  hard spots, s t r e s s  concent ra t ions .  Use L i b e r t y  
Ship example, o r  p r e f e r a b l y ,  more recent  examples which have been r e p a i r e d  
i n  t h e  shipyard.  

5. S t ress  t h e  importance o f  s t r u c t u r a l  c o n t i n u i t y .  Try t o  develop i n  t h e  
student  an i n t u i t i v e  f e e l i n g  f o r  l oad  paths  and s t r e s s  f low.  

6. Emphasize t h e  importance of c o r r e c t  s t r u c t u r a l  d e t a i l s  and good 
workmanship i n  avo id ing  s t r u c t u r a l  f a i l u r e s .  

Suaaested Problem Assianment : 68 









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. 

A S  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 RAPID.LY, 















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 OF3TRUCTURAL 
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. 



T H E  S T R E N G T H  A N D  S T R U C T U R E  OF S H I P S  

S T R U C T U R A L  C O N T I N U I T Y  

HARD SPOTS 

END OF A 
LONGITUDINAL BULKHEAD 

T R A N S V E R S E  
* BULKHEAD 

BRACKETS ADDED 
T O  LONGITUDINAL 
BULKHEAD IN  
PLANE OF DECK 
OR VICE VERSA 



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. 

tA l  R I V E T E D  SEAM T Y P E  

t e l  INSERTED TYPE I C I  WELDED P A T C H  T Y P E  

m 

(€1 OtTCH T Y P E  

( D l  S T I F F E N E R  T Y P E  



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 

0 ROUGH PLATE EDGES 

o MISALIGNMENT OF STRUCTURE 



BAS I C NAVAL ARCHITECTURE 

Problem 68 

Problem Level : Basic 

I n  computing t h e  p roper t ies  o f  a  panel of s t i f f e n e d  p l a t i n g ,  t h e  p l a t e  i s  t r e a t e d  
as t h e  upper f lange. The breadth o f  t h e  p l a t i n g  i s  taken as t h e  spacing between 
s t i f f e n e r s  o r  t h e  " e f f e c t i v e  breadth" o f  the  p l a t i n g ,  whichever i s  less .  The 
e f f e c t i v e  breadth i s  g iven by t h e  f o l l o w i n g  formula: 

where be = e f f e c t i v e  breadth, i n .  

E = Modulus of E l a s t i c i t y ,  1  b s / i n  
2 

Fy = t e n s i l e  y i e l d  s t r e n g t h  o f  m a t e r i a l ,  I b s / i n  
2 

t = th ickness o f  p l a t i n g ,  i n ,  

For s h i p b u i l d i n g  s t e e l s  t h i s  formula y i e l d s  t h e  f o l l o w i n g  standard e f f e c t i v e  
breadths : 

MS ( m i l d  s t e e l )  6 0 t  

HTS 50t 

HY 80 38t  

HY 100 35t  

Find t h e  p r o p e r t i e s  of the  plate-beam combination w i t h  an e f f e c t i v e  breadth 
o f  30.6 1b m i l d  s t e e l  deck p l a t i n g  and t h e  W-T 10 x 30 t e e  s t i f f e n e r  o f  
Probl em 67. 









B A S I C  NAVAL ARCHITECTURE 

U n i t  Number: 37 

T i t l e :  - The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 8 

Tape Running Time: 3oM 22' 

Reading Assignment: MSD, pp 221-227 

A d d i t i o n a l  References : 

Scope : 

S t r u c t u r a l  t e r m i  no1 ogy o r i g i n a l l y  i n t roduced  i n  U n i t  6, i s  rev iewed and 
amp1 i f i e d .  Types o f  f r am ing  systems, l o n g i t u d i n a l  s, s t r i n g e r s ,  g i r d e r s ,  
beams, s i d e  frames, web frames, f l o o r s  are  descr ibed.  S i n g l e  and double 
bot tom types o f  c o n s t r u c t i o n  are  descr ibed.  Typ i ca l  bow and s t e r n  
c o n s t r u c t i o n  types  are  i l l u s t r a t e d .  

Kev P o i n t s  t o  E m h a s i z e :  

1. S t r u c t u r a l  t e r m i n o l o g y  was o r i g i n a l l y  i n t r o d u c e d  i n  U n i t  6  w i t h  emphasis 
on nomenclature. Some a d d i t i o n a l  m a t e r i a l  i s  i n t r o d u c e d  i n  t h i s  u n i t .  
Emphasis should be on s t r u c t u r a l  f u n c t i o n .  

2.  The i n s t r u c t o r  shou ld  add a d d i t i o n a l  m a t e r i a l  as a v a i l a b l e .  Sh ipyard  
photographs showing s t r u c t u r a l  components woul d  be he1 p f u l  if avai  1  able.  

3. P r o d u c i b i l i t y  c o n s i d e r a t i o n s  w i l l  be d iscussed i n  U n i t  44; however t h i s  i s  
a  good t ime  t o  i n t r o d u c e  t h e  sub jec t  by d i s c u s s i n g  l a b o r  content  and cos t  
f a c t o r s  f o r  v a r i o u s  t ypes  o f  c o n s t r u c t i o n .  

Suggested Problem Assignment : 69 
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THE STRENGTH AND STRUCTURE OF SHIPS 

STRUCTURAL TERMINOLOGY 

GIRDERS ARE HAIN LONGITUDINAL MEMBERS WHICH SUPPORT 
DECK BEAKS, 3ECK STRUCTURE AND BOTTOM. 

HATCH-SIDE GIRDERS FORM THE LONGITUDINAL BOUNDARIES 
OF HATCHES. 

SIDE GIRDERS RUN LONGITUDINALLY IN THE INNER BOTTOM. 

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 





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 





THE STRENGTH AND STRUCTURE OF SHIPS - 

DOUBLE BOTTOM CONSTRUCTION 

HOLD FRAMES 
(TRANSVERSE) 

CENTER: 
G!RDER 

NONTICHT 
s l o e  GIRDER 

TRANSVERSELY LONGITUDINALLY - 
FRAMED FRAMED 





THE STRENGTH AND STRUCTURE OF SHIPS 

SINGLE BOTTOM CONSTRUCTION (SMALLER SHIPS) 

R I D E R  P L A T E  O F  
S I D E  F R A M E  S l O E  K E E L S  

S H E L L  P L A T I N G  I N T E R C O S T A L  P L A T E  
O F  SlOE K E E L S O N  

F L A T  K E E L  ' \ \  I M B E R  H O L E S  

' I N T E R C O S T A L  P L A T E  
O F  C E N T E R  K E E L S O N  







THE STRENGTH AND STRUCTURE OF SHIPS 

STERN CONSTRUCTION 

-- 
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BAS1 C NAVAL ARCHITECTURE 

Problem 69 

Problem Level : In te rmed ia te  

A deck panel has 30" spacing between deck l o n g i t u d i n a l s .  The span between 
t ransverse g i r d e r s  i s  10' -0" .  T r e a t i n g  t h e  support  prov ided by t h e  g i r d e r s  
as s imple  supports and cons ide r ing  t h e  p r o p e r t i e s  o f  t h e  combined p l a t e  and 
s t i f f e n e r ,  f i n d  t h e  scant1 ings o f  t h e  leas t -we igh t  l o n g i t u d i n a l  i n v e r t e d  
ang le  s t i f f e n e r s  r e q u i r e d  t o  support  an 8 - f o o t  head o f  s a l t  water i f  t h e  
a l l o w a b l e  bending s t r e s s  i n  t h e  f l a n g e  of t h e  s t i f f e n e r  i s  19,000 p s i  and t h e  
deck i s  20.4 1b p l a t e .  

Note: See appendix t o  problem s e t  f o r  p r o p e r t i e s  o f  angles. - 
Comments: You should f i n d  t h a t  each of  t h e  f o l l o w i n g  angles w i l l  s a t i s f y  t h e  
requirements, so you may c o n f i n e  your  c a l c u l a t i o n s  t o  these sect ions:  

The p o i n t  o f  t h i s  problem i s  t o  i l l u s t r a t e  t h e  procedure by hand c a l c u l a t i o n ;  
however, t h e r e  i s  an eas ie r  way. The f o l l o w i n g  p u b l i c a t i o n  con ta ins  t a b l e s  of 
t h e  c h a r a c t e r i s t i c s  o f  a11 t h e  combined p l a t e s  and beams used i n  s h i p b u i l d i n g :  

MIL-HDBK-264(SH) 30 September 1980, "P roper t i es  o f  Stee l  
Shapes and Plate-Beam Combinations Used i n  Sh ipbu i ld ing, "  
Department o f  Defense, Naval Sea Systems Command. 

Having determined t h e  r e q u i r e d  Sec t ion  Modules o f  t h e  plate-beam combination, 
t h e  candidates can be se lec ted  and t h e  leas t -we igh t  s o l u t i o n  determined 
s imply  by i n s p e c t i o n  o f  t h e  tab les .  
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 3 8 

T i t l e :  The s t r e n g t h  and s t r u c t u r e  o f  sh ips  - 9 

Tape Running Time: 34M l z S  

Reading Assi gnment : MSD, pp 228-232 

A d d i t i o n a l  References: SDC, pp 304-337 

A Guide t o  Sound Ship S t r u c t u r e s  (GSSS), 1964, A.M. 
Darcangelo, Co rne l l  Mar i t ime  Press, pp 3-1 t o  3-17 

Review o f  Ship S t r u c t u r a l  D e t a i l s  (RSSD), 1977, Ship 
S t r u c t u r e  Committee (SSC) 

Scope: 

Types of bulkheads, t h e i r  s u b d i v i s i o n  and s t r u c t u r a l  f u n c t i o n s  are  
descr ibed.  S t r u c t u r a l  t reatment o f  hatch corners  i s  discussed. Various types  
of s t r u c t u r a l  d e t a i l s  a re  i l l u s t r a t e d .  S t r u c t u r a l  f u n c t i o n  o f  foundat ions  i s  
descr ibed.  

Key Po in t s  t o  Emphasize: 

1. I n s t r u c t o r  should supplement v ideo graph ics  w i t h  h i s  own t ransparenc ies .  
GSSS i s  o l d  but  s t i l l  a  good source o f  m a t e r i a l  on s t r u c t u r a l  d e t a i l i n g .  
RSSD i s  a l s o  a good source of m a t e r i a l .  Larger  sh ipyards  m a i n t a i n  t h e i r  
own book le t s  o f  s tandard  d e t a i l s  and, i f  a v a i l a b l e ,  t h i s  should be a 
pr imary  source o f  m a t e r i a l .  

2. Presumably many o f  t h e  s tudents  of t h i s  course may be very much i nvo l ved  
w i t h  s t r u c t u r a l  d e t a i l s ,  e i t h e r  i n  design o r  c o n s t r u c t i o n .  Th is  u n i t  i s  
p a r t i c u l a r l y  impor tan t  f o r  those students.  I f  t h i s  i s  t h e  case, t h e  
i n s t r u c t u r  may wish t o  spend an a d d i t i o n a l  p e r i o d  on t h e  sub jec t ,  even a t  
t h e  expense o f  o t h e r  m a t e r i a l  i n  t h e  course. 

3. Throughout, t h e  importance o f  good design p r a c t i c e  and ca re fu l  workmanshi p 
i n  s t r u c t u r a l  d e t a i l s  should be emphasized. Labor content  and cos t  
f a c t o r s  o f  va r i ous  types  o f  d e t a i l s  should be discussed. See RSSD. 

4. I f  Problem 70 i s  t o  be assigned, t h e  problem should be i n t roduced  and 
discussed i n  advance. The i n s t r u c t o r  may wish t o  rep lace  t h e  cos t  f a c t o r s  
g i ven  w i t h  numbers a p p r o p r i a t e  f o r  h i s  shipyard.  

Suggested Problem Assignment : 70 







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. 

2 .  AN AFTER-PEAK BULKHEAD IS REQUIRED SO AS TO 
INCLUDE THE SHAFT TUBES IN A WATERTIGHT 
COIPARTMENT. 



THE STRENGTH AND STRUCTURE OF SBIPS 

BULKHEADS 

WATERTIGHT BULKHEADS REQUIRED BY ABS 

3. MACHINERY SPACES ARE TO BE ENCLOSED BY WATERTIGHT 
BULKHEADS. 

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

5 A SHAFT TUNNEL IS A WATERTIGHT TUNNEL WHICH IS 
FITTED AROUND THE ENTIRE SHAFT BETWEEN THE ENGINE 
ROOM AND THE STUFFING BOX AT THE STERN. ITS 
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 CIF; SHELL 
F L A Y  I NG 

I I 
FENETRATED MEMBFR 



THE STRENGTH AND STRUCTURE ---- OF SHIPS 

INTERSECTIONS OF LONGITUDINALS AND TRANSVERSES 

CONTINUOUS LONGITUDINALS PENETRATING TRANSVERSE 
FLOORS, WEBS OR BULKHEADS 

LONGITUDINAL WITH LAPPED TIGHT COLLAR 









THE STRENGTH AND STRUCTURE OF SNIPS 

BRACKETS 

- 
GIRDER SPAN : Ls (iN.) 





THE STRENGTH AND STRUCTURE OF SBIPS 

BRACKETS 

DECK - 
1/ 

SAME SCANTLING 

I 



THE STRENGTH AND STRUCTURE OF SHIPS 

PILLARS AND STANCHIONS 

THE TERHS ARE OFTEN USED INTERCHANGEABLY, BUT 
GENERALLY A PILLAR IS A HEAVIER VERTICAL COLUMN 
SUPPORTING HAIN LONGITUDINAL GIRDERS AND DEEP 
TRANSVERSE BEAHS. STANCHIONS ARE LIGHTER VERTICAL 
COLUHNS WHICH PROVIDE LOCAL SUPPORT. 

COOT C L A I C  

C*OC*I 

"c.0 C L I T *  
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DECKHOUSES 

SHELL - 



THE STRENGTH A N D  STRUCTURE OF SHIPS 

FOUNDATIONS 

STEAM TURBINE, CONDENSER, REDUCTION GEAR 



THE STRENGTH AND STRUCTURE OF SHIPS 

FOUNDATIONS 

THRUST BEARING 



THE STRENGTH AND STRUCTURE OF SHIPS 

FOUNDATIONS 

SMALL EOUIPMENT 

BOX-TYPE FOUEtMfK)N 
STEEL R A -  W E m D  10 m C K  

FAR M EXCESS OF REMIIREUL:NfS 
I 

mu, 



BASIC NAVAL ARCHITECTURE 

Problem 70 

Probl em Level : Advanced 

The purpose o f  t h i s  problem i s  t o  compare t he  costs  o f  var ious types o f  
s t i f f e n e r s .  The student should note t h a t  cos t  f ac to r s  used w i l l  vary from 
sh ipyard t o  sh ipyard and from year t o  year, bu t  t h e  impor tant  features t o  
observe from t h i s  problem a re  t he  s e n s i t i v i t y  o f  t he  r e s u l t s  t o  t he  var ious 
factors . .  

A s t i f f ened  panel requ i res  s t i f f e n e r s  w i t h  a minimum Sect ion Modulus o f  
8.7 i n 3  ( s t i f f e n e r  on ly ) .  I d e n t i f y  t h e  least -weight  candidates f o r  each o f  
t h e  f o l l o w i n g  t ype  s t i f f e n e r s :  

Inver ted  angle  

Standard t e e  

W-T 

Flanged p l a t e  

B u i l t - u p  t ee  

Resul ts o f  previous problems may be used. 

Est imate t he  cos t  per f o o t  o f  each o f  t h e  above sect ions us ing t h e  f o l l o w i n g  
c o s t  data : 

Cost o f  m i l d  s t ee l  p l a t e  
Cost o f  m i l d  s t ee l  W and L shapes 
Cost o f  m i l d  s t ee l  standard tees 
C red i t  f o r  scrap 
Cut t ing :  p l a tes  us ing 4-head burner 

( 4  simultaneous cu t s )  
2 0 - f t  p la te ,  26 min labor ,  
overhead and equipment usage 

Cut t ing:  f lange removal us ing 4-head 
burner ( 4  simultaneous cuts) ,  two 
2 0 - f t  W sect ions t o  be c u t  t o  T, 
26 min p lus 10 minutes setup, labor ,  
overhead, and equipment usage 

Bending: Bend f lange  on one 2 0 - f t  p la te .  
Labor, overhead, and equipment usage. 

Welding: machine webding using GI!AW welder. 
For b u i l t - u p  tees weld both sides o f  
web t o  f lange simultaneously. Labor, 
overhead, and equipment usage. 

$0.23 per 1b 
0.26 per 1b 
0.27 per l b  
0.01 per 1b 

50.00 per h r  

50.00 per h r  

36.00 per h r  

50.00 per h r  



B A S I C  NAVAL ARCHITECTURE 

Probl em 70 (continued) 

Use t h e  fo l lowing cos t  f ac to r s  : 

Cost o f  m i l d  s tee l  p l a t e  $0.23 per 1b 
Cost o f  m i l d  s tee l  W and L shapes 0.26 per 1b 
Cost o f  m i l d  s tee l  standard tees 0.27 per 1b 
Flange removal: burning t ime  f o r  each cu t :  1.3 f t l m i n  

labor  (1 man L equipment) 
Flange bending: t ime requ i red  f o r  one 

f lange on a 20 - f t  l eng th  o f  p l a t e  10 min 
( 2  men L equipment) 

Welding: (I man 8 equipment) 2.5 f t l m i n  
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 3  9 

T i t l e :  The s t r e n g t h  and s t r u c t u r e  of sh ips  - 10 

Tape Running Time: 

Reading Assignment : MSD, pp 232-233 

A d d i t i o n a l  References: PNA, pp 182-184 ( repeated) ,  59-62 

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

Scope : 

Typ ica l  midsh ip  s e c t i o n  drawings of va r i ous  types  of sh ips  are  d isp layed and 
fea tu res  po in ted  out .  SWBS and MARAD weight c l a s s i f i c a t i o n  systems a re  
descr ibed.  Weight es t ima t i ng ,  both i n  e a r l y  s tage design and i n  l a t e r  stages 
o f  design i s  discussed. 

Key Po in ts  t o  Emphasize: 

1. The midsh ip  drawings used i n  t h e  v ideo tape have a l l  been taken from 
e i t h e r  PNA o r  SDC. The problem i s  d i s p l a y i n g  a  crowded drawing on a  TV 
screen should be apparent, The i n s t r u c t o r  may w ish  t o  reproduce 
t ranspa renc ies  d i r e c t l y  from t h e  source m a t e r i a l s  and d i s p l a y  them on a  
1  a rge r  screen. 

2. The o b j e c t i v e  should be t o  l ead  t h e  student  through t h e  maze o f  crowded 
n o t a t i o n  shown on t h e  drawings t o  t h e  p o i n t  a t  which he can read and 
understand t h e  drawing and develop a  mental p i c t u r e  o f  t h e  s t r u c t u r e  i t  
descr ibes .  

3. The importance o f  t h e  weight es t ima te  should be emphasized. The l e v e l  o f  
d e t a i l  of t h e  es t imate  increases r a p i d l y  i n  scope as t h e  design 
progresses. I f  t h e  i n s t r u c t o r  has access t o  a  p r i n t - o u t  o f  a  C o n t r a c t o r ' s  
Design Weight Est imate showing t h e  thousands o f  l i n e  i tems,  t h i s  would be 
of i n t e r e s t  t o  t h e  students. 

4 .  The importance of a  formal weight  c o n t r o l  program i n  naval sh ip  
c o n s t r u c t  i o n  should be emphasized. 

Suggested Problem Assignment: The i n s t r u c t o r  may wish t o  develop and assign a  
problem i n  c a l c u l a t i n g  t h e  weight o f  a  s t r u c t u r a l  assembly. 







THE STRENGTH AND STRUCTURE OF SHIPS 

SHIP SECTION MODULUS CALCULATION 

INCLUDE ALL OF THE ABOVE IN CALCULATING THE 
COLUMN, AREAS IN INCHES, LEVER ARMS IN FEET, UNITS 
 IN^-FT~., 

INCLUDE ONLY VERTICAL PLATING IN 10 COLUMN, NOTE 
THAT FOR VERTICAL PLATING, HEIGHT, h IN FEET AND 
THICKNESS t IN INCHES, 





THE STREN GTH 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. 

SECOND DECK ---- 4 







THE STRENGTH A N D  STRUCTURE OF SHIPS 

UIDSBIP SECTION - T A N K E R  









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 BAS FURTHER BREAKDOWNS WITHIN EACH 
OF THE THREE HAJOR CATEGORIES. EXAMPLE. 

STEEL (CODES 0 - 9) 
CODE 

FORGINGS AND CASTINGS 
SHELL PLATING 
FRAHING 
DECK PLATING AND BEAMS 
BULHEADS AND TRUNKS 
PILLARS AND GIRDERS 
BULL HISCELLANEOUS 
FOUNDATIONS 
SUPERSTRUCTURES 
TOTAL 

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

EACH CODE CONTAINS SUBHEADINGS FOR WEIGHT COMPONENTS 
WITHIN TEAT CODE. 







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, HAKE ADJUSTMENTS TO THE WEIGHT ESTIMATE OF 
THE BASIS SHIP FOR DESIGN CHANGES IN THE NEW SHIP. 

TEE MORE COMMON CASE IS TO USE PLOTS OF HISTORICAL 
WEIGHT DATA 0F.SHIPS OF THE SAME TYPE, 



TEE STRENGTH AND STRUCTURE OF SHIPS 

TEE WEIGHT ESTIHATE (CON'T) 

EARLY STAGE DESIGN ESTIHATES 
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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 INFORJ!lATION AT 
PERIODIC INTERVALS. 

IT IS CRITICAL THAT WEIGHT AND/OR KG PROBLEMS BE 
IDENTIFIED EARLY SO THAT TIMELY DESIGN CHANCES MAY BE 
MADE. 

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

U n i t  Number: 40 

T i t l e :  - The s h i p  design process - 1 

T a ~ e  Runnina Time: nS 

Reading Assignment : MSD, pp 257-262 

A d d i t i o n a l  References: SDC, pp 1-46 

Th is  u n i t  i n t roduces  t h e  broad t o p i c  of sh ip  design. A t y p i c a l  design s p i r a l  
i s  presented.  The va r i ous  phases of design are  discussed. Cont rac t  des ign  
d e l i v e r a b l e s  are  descr ibed.  Emphasis i n  t h i s  u n i t  i s  on merchant s h i p  
design. Naval s h i p  design and procurement w i l l  he d iscussed i n  U n i t  42. 

Key Po in t s  t o  Emphasize: 

1. I n  going th rough t h e  design s p i r a l  and t h e  va r i ous  design stages avo id  
c a s t i n g  t h e  process i n  a  h i g h l y  s te reotyped l i g h t .  For example, o f t e n  a  
f e a s i b i l i t y  s tudy o r  p o s s i b l y  a  s imple  concept design w i l l  he performed t o  
e s t a b l i s h  vessel s i ze ,  power and c a p a c i t i e s .  Then t h e  design e f f o r t  w i l l  
proceed d i r e c t l y  t o  a  c o n t r a c t  design. If t h e  s h i p  i s  on l y  a  minor 
depa r tu re  from a  prev ious  vessel  perhaps o n l y  a  c o n t r a c t  design w i l l  be 
prepared, and a t  t h a t  on l y  t h e  drawings and spec i tems a f f e c t e d  by t h e  
changes w i l l  be changed. What i s  done i s  o n l y  what needs t o  be done u s i n g  
t h e  bes t  i n f o r m a t i o n  a v a i l a b l e  as a  basc l i ne .  

2. Emphasize t h e  development o f  a  c l e a r l y  de f ined s e t  o f  m i s s i o n  
requirements.  nr owner 's  requirements,  o r  Top Level Requirements. The 
document should be a  document which evolves over t h e  p e r i o d  o f  t h e  e a r l y  
s tage design e f f o r t s  u s i n g  i n p u t s  f rom both  naval a r c h i t e c t  and owner, and 
i s  t hen  f i n a l i z e d  a t  t h e  t ime  t h e  c o n t r a c t  design package i s  f i n a l i z e d .  

Suggested Problem Assignment : Se lec t  f rom p r e v i o u s l y  unassigned problems. 







THE SHIP DESIGN PROCESS 

MISSION REQUIREMENTS 

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

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









THE SHIP DESIGN PROCESS 

PARAMETRIC DESIGN STUDIES 

THE DESIGN OPTIMIZED 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). 

MINIMUM REQUIRED FREIGHT RATE (RFR), 

OTHER ECONOMIC PARAMETERS. 















THE SBIP 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 SBIP, AND INSTALLING 
THE EQUIPMENT. 



THE SHIP DESIGN PROCESS 

DESIGN PHASES (CON'T) 

COHHENTS 

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

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

CONCEPT DESIGN HAY INCLUDE FEASIBILITY STUDIES, AND 
IT HAY EXTEND INTO A LEVEL OF DETAIL NORMALLY 
ASSOCIATED WITH PRELIHINARY DESIGN. 

IF THE DESIGN IS SIMPLY A HODIFICATION OF AN 
EXISTING SHIP ONLY A CONTRACT DESIGN HAY BE 

I x PREPARED. 





BASIC NAVAL ARCHITECTURE 

U n i t  Number: 4 1 

T i t l e :  - The s h i p  design process - 2 

Tape Running Time: 3oM 41S 

Readi ng Assi gnment : MSD, pp 287-309 

A d d i t i o n a l  References : SDC, pp 1-46 ( repeated)  

Scope : t 

The concept des ign  example of Chapter 1, SDC i s  developed s tep  by step. 

Key Po in t s  t o  Emphasize: 

1. The concept des ign  example of Chapter 1, SDC has been s e l e c t e d  because o f  
t h e  ready a v a i l a b i l i t y  o f  t h e  t e x t  f o r  rev iew by t h e  i n s t r u c t o r ,  but  n o t e  
t h e  bugaboo w i t h  S I  u n i t s .  

2. Again, emphasize t h a t  t h i s  t y p e  of ea r l y - s tage  design study i s  per formed 
o n l y  when t h e  proposed s h i p  rep resen ts  a depar tu re  from t h e  p rev ious  
exper ience base. 

3. Th i s  t y p e  o f  s tudy  w i l l  a lmost  always be accompanied by an economic 
study.  Paramet r ic  s t u d i e s  w i l l  be performed t o  eva lua te  t h e  combinat ion 
o f  dimensions and powering which w i l l  prove t o  be t h e  most p r o f i t a b l e ,  

4. The read ing  assignment covers "advanced mar ine v e h i c l e s "  and i s  no t  
d i r e c t l y  supported by v ideo m a t e r i a l .  The i n s t r u c t o r  may wish t o  
i n t r o d u c e  h i s  own m a t e r i a l  on t h i s  t o p i c .  

Suggested Problem Assignment: The i n s t r u c t o r  may w ish  t o  d i s t r i b u t e  
a p p r o p r i a t e  design curves and ass ign  a problem s i m i l a r  t o  t h e  example; however 
ve ry  few s tudents  i n  t h i s  course can be expected t o  have f u t u r e  involvement 
w i t h  e a r l y - s t a g e  des ign  s tud ies .  The t i ~ n e  may be used more f r u i t f u l l y  i n  
a s s i g n i n g  p r e v i o u s l y  unassigned problems. 
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THE SHIP DESIGN PROCESS 

SOLUTION (CON'T) - 

FIGURE 5 
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THE SHIP DESIGN PROCESS 

SOLUTION (CON'T) 

FIGURE 6 

ESTIMATE MACHINERY WEIGHT. FIRST 
ESTIMATE OF SHP W A S  40,000 HP WHICH 
GIVES: 

LT MACHINERY WEIGHT \ 2 8 0 ~ 0 ~ ~ ~ - 5 ~ . 3 8 5 ~ ~ ~ ~ ~  

= I261 LT 
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THE SHIP DESIGN PROCESS 

SOLUTION (CON'T) 

FIGURE 7 ----- - 











THE SHIP DESIGN PROCESS 

SOLUTION (CON'T) 

15. CHECK STABILITY. (GM ) T 
WE HAVE KG. WE N E E D  K M  = K B  + B M  

USE APPROXIMATE FORMULAE: 

ALSO B M  = I /v T 
AND GM = KB + B M  - KG T 





THE SHIP DESIGN PROCESS 

SOLUTION 

15. C H E C K  STABILITY (CON'T) 

THE R E S U L T  IS: 

ElfT IS GREATER T H A N  C R I T E R I A  V A L U E  O F  .025B 

AND IS SATISFACTORY 



THE SHIP DESIGN PROCESS 

CONCEPT D E S I G N  

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 ll", 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: 

$ PER TON OF ERECTED STEEL WEIGHT 
$ PER TON OF OUTFIT WEIGHT 
$ PER SHAFT HORSEPOWER FOR MACHINERY 







BASIC NAVAL ARCH1 TECTURE 

U n i t  Number: 42 

T i t l e :  The sh ip  design process - 3 

Taoe Runnina Time: 28M 53' 

Reading Assignment: MSD, pp 263-269 

Add i t i ona l  References: 

Scope : 

Pre l im ina ry  and c o n t r a c t  design phases are d iscussed fu r the r .  The t y p e  anJ 
use o f  weight  margins i s  in t roduced.  The naval sh ip  design process i s  
d e s c r i  bed. 

Key Po in ts  t o  Emphasize: 

G i l lmer  makes good read ing on t h e  sub jec t  of naval sh ip  design a l though 
t h e  ja rgon has changed. But t hen  t h e  j a rgon  w i l l  change again over  t h e  
l i f e - c y c l e  o f  t h i s  course. The key t h i n g  i s  t o  avo id  hav ing  t h e  s tudent  
become bogged down i n  a quagmire o f  acronyms. Emphasize t h a t  each new 
weapons system, i n c l u d i n g  naval sh ips ,  must go through a s e r i e s  o f  gates 
o r  checkpo in ts  where t h e  need, t h e  t e c h n i c a l  v i a b i l i t y  and t h e  c o s t  
v i a b i l i t y  must be re -es tab l i shed  be fo re  t h e  system can proceed t o  t h e  nex t  
checkpoint .  The whole problem o f  defense systems procurement i s  
enormously complex, and i t  i s  necessary t o  keep mod i f y i ng  t h e  process as 
n a t i o n a l  c o n d i t i o n s  change, bu t  t h e  e s s e n t i a l  i n g r e d i e n t s  o f  t h e  process 
remain s u r p r i s i n g l y  constant .  

2 .  Emphasize t h e  l e n g t h  o f  t ime  i t  takes  from t h e  statement o f  t h e  i n i t i a l  
ope ra t i ona l  requirement t o  t h e  t i m e  t h e  s h i p  j o i n t s  t h e  f l e e t  -- t e n  years  
t y p i  ca 1 l y  . 

Suggested Probl  em Assignment: None 
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THE S H I P  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. 

FROH THE BEGINNING OF DESIGN STUDIES TO ACCEPTANCE OF 
A SHIP CLASS IN SERVICE HAY TAKE TEN YEARS, ADVANCE 
PLANNING STUDIES, CALLED CONFORH STUDIES CAN PRECEDE 
THIS BY ANOTHER FIVE YEARS. 















BASIC NAVAL ARCHITECTURE 

U n i t  Number: 4 3 

T i t l e :  - S h i p b u i l d i n g  methods - 1 

Tape Running Time: 31M 1 3 ~  

Reading Assignment: MSD, pp 271-287 

A d d i t i o n a l  References : SDC, pp 609-629 

Eng inee r ing  f o r  Ship P roduc t i on  (ESP) ,  1986, T. Lamp, 
U n i v e r s i t y  of Michigan, pp 1-88 

Ship Product ion  (SP), 1988, C o r n e l l  Mar i t ime,  pp 108- 
235 

T h i s  u n i t  emphasizes t h e  r o l e  of t h e  computer i n  modern s h i p  des ign  and 
s h i p b u i  1  d i n g  techno1 ogy. CAD/CAM a p p l i c a t i o n s  a re  d iscussed.  Use o f  
computers i n  schedul i ng, work measurement, p rogress  r e p o r t i n g ,  i n v e n t o r y  
c o n t r o l  and o t h e r  appl  i c a t i o n s  i s  discussed. 

Key Po in t s  t o  Emphasize: 

1. There i s  a  s u b s t a n t i a l  amount of background m a t e r i a l  which t h e  i n s t r u c t o r  
should read i n  p r e p a r a t i o n  f o r  U n i t s  43, 44 and 45. Th is  i n c l u d e s  
Chapters 16 and 17, SDC. ESP, pp 1-88 p rov ides  a  good i n t r o d u c t i o n  t o  
modern s h i p b u i l d i n g  techno logy ;  however t h e  x t l  r e  book shou ld  be s t u d i e d  
by persons i n t e n d i n g  t o  become s h i  pbu i  1 d i n g  p ro fess iona l s .  A s imi  1  a r  
comment a p p l i e s  t o  SP, bu t  Chapters 4 and 5 a r e  most r e l e v a n t  t o  t h e  
s u b j e c t  m a t t e r  i n  these u n i t s ,  

2 .  Throughout t hese  t h r e e  u n i t s  t h e  i n s t r u c t o r  should emphasize t h r e e  t h i n g s :  

a )  need f o r  t h e  adop t i on  of a  p o s i t i v e  a t t i t u t e  toward  change i n  t h e  
sh ipbu l  d i n g  i n d u s t r y  
b )  need f o r  improvement i n  work qual i t y  t o  become qual  i ty-compet i  t i v e  
w i t h  o t h e r  c o u n t r i e s  
c )  need f o r  t h e  r e d u c t i o n  i n  work con ten t  of s h i p b u i l d i n g  ope ra t i ons  t o  
become cost-compet i t  i ve w i t h  o t h e r  c o u n t r i e s .  

3. Th i s  i s  an overv iew of t h e  use of computers i n  s h i p  des ign  and 
c o n s t r u c t i o n .  The i n s t r u c t o r  shou ld  supplement t h e  v ideo  w i t h  a  
d e s c r i p t i o n  o f  t h e  computer c a p a b i l i t i e s  and f a c i l i t i e s  i n  h i s  shipyard.  

Suggested Problem Assignment : None 



SHIPBUILDING HETHODS 

TODAY COHPUTER-AIDED - DESIGN (CAD) AND COHPUTER- 
AIDED HANUFACTURING (CAI) IS AN INTEGRAL PART OF 
EVERY PHASE OF SHIP DESIGN AND CONSTRUCTION. 

- ESICN INCLUDES THE USE OF COHPUTER 
PROGRAMS BOTH IN ANALYSIS AND DRAFTING IN THE 
VARIOUS DESIGN PHASES. 

- ING INCLUDES THE USE OF 
THE COMPUTER IN VIRTUALLY EVERY ASPECT OF SHIP 
CONSTRUCTION, BUT THE EXTENT TO WHICH COHPUTER IS 
USED, THE STATE-OF-THE-ART AND TEE SOPHISTICATION 
OF COHPUTER USAGE VARIES WIDELY BETWEEN SHIPYARDS. 

SOHE EXAMPLES OF CAD/CAH AND COMPUTER APPLICATIONS 
FOLLOW. 



SHIPBUILDING HETHODS 

CADICAH (CON'T) 

COMPUTERS PROGRAMS FOR DESIGN ANALYSES: 

LINES FAIRING 
INTACT AND DAMAGED CONDITION HYDROSTATICS 
SHIP RESISTANCE AND POWERING PREDICTION 
PROPELLER DESIGN CHARACTERISTICS FROH 
- PROPELLER STANDARD SERIES 
- LIFTING LINEILIFTING SURFACE THEORY 
STRUCTURAL DESIGN 
- HIDSHIP SECTION DESIGN 
- SCANTLING CALCULATIONS BASED ON STRUCTURAL 

FORMULAE 
- STRUCTURAL ANALYSIS AND OPTIHIZATION USING 

FINITE ELEMENT TECHNIQUES 
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SHIPBUILDING HETHODS 

COMPUTER-AIDED DRAFTING 

THERE ARE A NUHBER OF COHHERCIALLY AVAILABLE 
COHPUTBR-AIDED DRAFTING PROGRAHS WHICH CAN BE 
APPLIED TO ALHOST ANY FORH OF DRAFTING. TYPICAL 
PROGRAHS INCLUDE PRODESIGN, AUTOCAD, AUTOKON, 
COHPUTER - VISION, AND MANY OTBERS. 

ATTRACTIVE FEATURES: 

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

- DRAWINGS CAN BE PRINTED AT ANY DESIRED SCALE. 
- CHANGES CAN BE WADE QUICKLY. 
- PARTS LISTS AND BILLS OF HATERIAL CAN BE 

GENERATED EASILY. 

- PICTORIAL VIEWS CAN BE GENERATED FROH TWO VIEW 
ORTBOGRAPHIC PROJECTIONS. 

- INTERFERENCES BETWEEN SYSTEHS -- E.G,. PIPING 
AND VENTILATION RUNS -- CAN BE READILY 
IDENTIFIED. 









SHIPBUILDING METHODS 

CADICA'LI 

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 TEE 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 
NUHBERS, 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 
AUTOHATIC CUTTING AND WELDING OPERATIONS. 





SHIPBUILDING METHODS 

PRODUCTION CONTROL AND MANAGEMENT SYSTEMS 

SCHEDULE AND COST HONITORING AND CONTROb. THE 
OPERATION OF THIS FUNCTION VARIES WIDELY BETWEEN 
SHIPYARDS; HOWEVER, IT IS NECESSARY TO TRACK 
HANHOURS EXPENDED VERSUS PERCENTAGE COHPLETION FOR 
ASSEMBLY UNITS IN THE PRODUCTION SCHEDULE. IT IS 
IHPORTANT 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 PROGRAH. 











SHIPBUILDING HETHODS 

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 TEE HATERIAL WILL ARRIVE WHEN NEEDED SO THAT 
STORAGE REQUIREHENTS ARE MINIMIZED. WHEN RECEIVED 
THE MATERIAL IS ASSIGNED VARIOUS TYPES OF NUWBERS 
-- PARTS NUMBERS, INVENTORY CONTROL NUWBERS, 
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 HANAGEHENT AND CONTROL 

FOR NAVAL SHIPS, PARTICULARLY.COHBATANTS, CONTROL 
OF THE WEIGHT OF THE SHIP DURING CONSTRUCTION AND 
AT DELIVERY IS AN IHPORTANT CONSTRUCTION 
REQUIREHENT. 

THE NAVY REQUIRES THAT THE SHIPYARD HAVE IN PLACE 
AN APPROVED WEIGHT CONTROL PROGRAM ADHINISTERED BY 
A WEIGHT CONTROL HAHAGER AND SUPPORTED BY A WEIGHT 
CONTROL GROUP TO MONITOR AND CONTROL THE WEIGHT 
OF THE SHIP AS CONS~RUCTION PROGRESSES. 

A DESIGN AND BUILDING WEIGHT HARGIN IS ADDED TO THE 
CONTRACT DESIGN WEIGHT ESTIHATE. THIS MARGIN IS 
INTENDED TO ACCOUNT FOR SHALL ERRORS AND OXISSIONS 
IN THE ESTIHATE AND FOR VARIATIONS IN ESTIHATED 
WEIGHTS DUE TO MILL TOLERANCE, WEIGHT DEVIATIONS IN 
SUBCONTRACTED ITEHS ETC.. 







BASIC NAVAL ARCHITECTURE 

U n i t  Number: 

T i t l e :  - S h i p b u i l d i n g  methods - 2 

Tape Running Time: 43M llS 

Reading Assignment : MSD, pp 185-203 

A d d i t i o n a l  References: SDC, pp 629-656, 358-371 

ESP, pp 1-7 

Scope : 

Bas ic  sh ipya rd  opera t ions  and processes are  descr ibed,  i n c l u d i n g  c u t t i n g ,  c o l d  
fo rming and hot  forming. P r i n c i p a l  types  o f  we ld ing  processes a re  
descr ibed.  01 der s h i p b u i l d i n g  methods are  descr ibed and con t ras ted  w i t h  
modern methods. Necessi ty  o f  i n t e g r a t i n g  design and p roduc t i on  i s  c i t e d .  
Zone o u t f i t t i n g  and modular c o n s t r u c t i o n  are  descr ibed.  Deta i  1  design 

* f e a t u r e s  t o  improve p r o d u c i b i l  i t y  are o u t l i n e d .  Product ion  f l o w  i n  a  sh ipyard  
i s  d i  scussed. 

Kev Po in t s  t o  Em~has ize :  

1. The i n s t r u c t o r  should r e l a t e  t h e  d i scuss ion  o f  t o p i c s  i n  t h i s  u n i t  t o  h i s  
own sh ipyard  wherever poss ib le .  Use photo s l i d e s  and t ranspa renc ies  
showing sh ipyard  f a c i l  i t i e s ,  processes and process f low f o r  il l u s t r a t i o n .  

2 .  Wherever poss ib le ,  i n d i c a t e  needed areas o f  change i n  t h e  n a t i o n a l  
s h i p b u i l d i n g  p i c t u r e  t o  t h e  compet i t i veness  o f  t h e  i ndus t r y .  

Suggested Problem Assignment : None 



SHIPBUILDING METHODS 

STEEL CUTTING AND FORMING PROCESSES 

SHIPYARD OPERATIONS ON STEEL PLATES TO FORM 
STRUCTURAL PIECES FALL INTO THREE GENERAL 
CATEGORIES: 

- CUTTING OPERATIONS 
- OXY-ACETYLENE 
- PLASMA ARC 
- AIR CARBON ARC 

*COLD FORMING OPERATIONS 
- ROLLING 
- PRESSING 

- .HOT FORMING OPERATIONS 
- FURNACING 
- LINE HEATING 





SHIPBUILDING METHODS 

STEEL CUTTING AND FORMING .PROCESSES (CON'T) 

AIR CARBON ARC CUTTING IS USED TOGETHER WITH 
HIGH PRESSURE AIR FOR BACK GOUGING AND EXCAVATION 
OF DEFECTIVE STEEL AREAS. THE HIGH PRESSURE AIR 
BLOWS AWAY HOLTEN HETAL AND KEEPS THE TEHPERATURE 
OF THE SURROUNDING HATERIAL LOWER THAN WITH THE 
OXY-ACETYLENE METHOD. THIS IS PARTICULARLY USEFUL 
IN EXCAVATING DEFECTS WHERE THE EXTENT OF WELD 
CRACKS BELOW THE SURFACE CAN READILY BE SEEN. 





SHIPBUILDING HETHODS 

STEEL CUTTING AND FORMING PROCESSES 

COLDFORHING INCLUDES: 

1. ROLLING, AND 

2 PRESSING 

ROLLING IS USED TO FORM STEEL PLATES INTO SHAPES - -  - -- -~ 

WITH ONLY ONE DEGREE OF CURVATURE, SUCH AS BILGE' 
PLATES IWO PARALLEL MIDDLE BODY. THE PLATES ARE 
PASSED THROUGH BENDING ROLLS WHICH CONSIST OF ONE 
LARGE ROLLER ON TOP AND TWO SMALLER ROLLERS ON THE 
BOTTOM 



SHIPBUILDING METHODS 

STEEL CUTTING AND FORMING PROCESSES (CON'T) 

PLATES HAY BE SHAPED IN HYDRAULIC BENDING 
PRESSES WITH HYDRAULIC RAMS CONTROLLING THE 
BENDING FORCE. SOHE BENDING PRESSES ARE 
NUMERICALLY CONTROLLED. SIDE FRAMES AND OTHER 
CURVED SHAPES HAY BE FORMED BY APPLYING AN 
ADJUSTABLE STROKE RAH TO THE PIECE LOCATED BETWEEN 
FIXED SUPPORTS. 

BY ITS VERY NATURE COLD FORMING WILL INDUCE 
STRESSES IN THE OUTER FIBERS OF THE MATERIAL. IF 
THE RADIUS OF THE BEND IS VERY SHARP TEE STRESSES 
PRODUCED HAY BE UNACCEPTABLE FOR USE IN A HIGHLY 
STRESSED AREA. IN THIS EVENT IT HAY BE NECESSARY 
TO STRESS RELIEVE THE PIECE BY LOCAL HEATING OR BY 
FURNACING. 





SHIPBUILDING HETHODS 

STEEL CUTTING AND FORHING PROCESSES (CON'T) 

PLATES WITH A LIHITED AHOUNT OF COHPUND 
CURVATURE HAY ALSO BE FORHED BY A PROCESS KNOWN AS 
LINE HEATING. A COHPLEX PATTERN OF BEATING LINES 
IS HARKED ON THE PLATE. THE PATTERN IS DETERHINED 
BOTH BY CALCULATION AND EXPERIENCE. THE PLATE IS 
HEATED BY TORCH ALONG THE HEATING LINE ACCORDING TO 
A PRE-DETERHINED SEQUENCE. THE STEEL IS QUENCHED 
BY A WATER SPRAY FOLLOWING BEHIND THE TORCH. THE 
DISTORTION OF TEE PLATE DUE TO THE LOCAL. HEATING 
AND COOLING CREATES THE CURVATURE. A JIG WILL BE 
USED TO DEFINE THE REQUIRED SHAPE OF THE FINISHED 
PLATE. 

THE HETHOD IS APPLICABLE PRIHARILY TO HILD STEELS. 



SHIPBUILDING HETHODS 

WELDING PROCESSES - 

SHIELDED METAL ARC WELDING, BEAT IS PRODUCED BY AN 
ELECTRIC ARC BETWEEN A COVERED HETAL ELECTRODE AND 
THE WORK, THE ARC WELTS THE METAL OF THE 
ELECTRODE, THE BELTED HETAL COALESCES AS A HOLTEN 
POOL BEFORE SOLIDIFYING AS WELD DEPOSIT. 
UNIVERSALLY USED II STEEL SHIP CONSTRUCTION FOR 
MANUAL STEEL WELDING, 



SHIPBUILDING METHODS 

YELDING PROCESSES (CON'T) 

GAS HETAL ARC WELDING IS USED FOR AUTOHATIC OR 
SEMI-AUTOMATIC WELDING OF STAINLESS STEELS, 
ALUMINUM OR OTBER ION-FERROUS METALS. A WELDING 
ARC IS FORHED BETWEEN TEE WORK AND A BARE 
ELECTRODE. TEE ELECTRODE IS CONTINUOUSLY FED PROH 
A SPOOL. AN INERT GAS SHIELDS THE ARC AND TEE 
HOLTEN WELD AREA FROH THE ATMOSPHERE. 





SHIPBUILDING HETHODS 

WELDING PROCESSES (CON'T) 

ELECTROSLAG AND ELECTROGAS WELDING PROCESSES ARE 
CAPABLE OF HIGB WELDING SPEEDS AND BIGB WELD 
DEPOSITIOH RATES, HOVEABLE COPPER SHOES ARE FITTED 
ON EITHER SIDE OF TEE WELD JOINT. THE ELECTRODE IS 
CONTINUOUSLY FED FROH A SPOOL AND INERT GAS OR C02 
IS FED TO SHIELD TEE WELD ZONE FROH THE ATHOSPBERE. 

IN TEE ELECTROSLAG PROCESS A BAR OR STRIP HAY BE 
SUBSTITUTED FOR THE ELECTRODE. THE METHOD HAY BE 
APPLIED TO V.ERY THICK STEELS BUT HAY ONLY BE USED 
WEEN TEE JOINT IS VERTICALLY ORIENTED. 
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SHIPBUILDING HETHODS 

DESIGN FOR SHIP PRODUCTION 

TRADITIONALLY SHIPS HAVE BEEN DESIGNED BY 
INDIVIDUAL SYSTEMS, FOR EXAMPLE 

SHIP STRUCTURAL SYSTEH 
HAIH PROPULSION HACHINERY SYSTEH 
AUXILIARY PROPULSION SYSTEH 
ELECTRICAL SYSTEH 
PIPING SYSTEH 
ETC. 

EFFICIENT DESIGN FOR SHIP PRODUCTION REQUIRES TEAT, 
RATHER THAN PITTING A SYSTEH WITHIN AN AVAILABLE 
SPACE, THE SPACE SHOULD BE DESIGNED AS A PRSZVCTION 
UNIT WITH THE SYSTEH DESIGN SUBORDINATEE TO THE 
PRODUCIBILITY OF THE SPACE. 











SHIPBUILDING HETBODS 

DESIGN FOR SHIP PRODUCTION 

DESIGN DETAILS CONDUCIVE TO EASE OF CONSTRUCTION 

FLAT SURFACES RATHER THAN CURVED SURFACES 

SINGLE CURVATURE RATHER THAN COHPOUND CURVATURE 

FLAT BOTTOM INSTEAD OF DEADRISE 

FLAT SHEER, FLAT CAHBER 

WELD DETAILS THAT PERMIT HACHINE WELDING 

- * ASSEMBLY PROCEDURES THAT HINIHIZE THE AHOUNT OF 
OVERHEAD AND VERTICAL WELDING 

FEATURES THAT PERHIT THE HAXIHUH INSTALLATION OF 
MACHINERY, FLUID SYSTEMS AND OUTFIT ITEHS IN 
SUBASSEHBLIES AND HODULES RATHER THAN ON SHIP 



SHIPBUILDING HETBODS 

DESIGN FOR SHIP PRODUCTION 

STANDARD STRUCTURAL AND WELDING DETAILS TEAT BEST 
SUIT THE INDIVIDUAL SHIPYARD 

SIHPLIFICATION TBROUGB REDUCTION OF TEE NUHBER OF 
PIECES TO BE CUT AND BANDLED 

. 
SIHPLIFICATION TBROUGB REDUCTION OF TEE NUHBER OF 
DIFFERENT SIZES AND TYPES OF MATERIALS AND 
EQUIPHENT ORDERED. 

DESIGN FOR ACCESS DURING CONSTRUCTION. 
CONSTRUCTION SEQUENCE SBOULD PROVIDE FOR 
OPENINGS, PASSAGES AND LADDERS WBICH WILL 
FACILITATE FLOW OF WORKERS AND EQUIPHENT INTO 
SPACES WITH HINIHUH SUBSEQUENT REWORK. 



SHIPBUILDING HETBODS 

ASSEMBLY LINE FLOW -- LITTON, PASCAGOULA 

m I C A t K ] N  SuPS 
w 4 a u m G  RaFEL Y(00 
AND SHELL Ass€MeLY YcOe 





GRAPHICS NOT USED I N  PRESENTATION 





SHIPBUILDING HETHODS 

MODERN SHIPBUILDING METHODS 

SHIPBUILDING METHODS, WORLDWIDE, HAVE BEEN 
UNDERGOING MAJOR CHANGES FOR THE PAST TWENTY FIVE 
YEARS, HODERN SHIPBUILDING METHODS EHPHASIZE SHIP 
PRODUCIBILITY TO A nUCH GREATER EXTENT THAN WAS 
DONE IN THE TRADITIONAL APPROACH, 

THE TWO EXTREMES IN THE DESIGN FOR SHIP PRODUCTION 
CAN BE DESCRIBED AS ISOLATED ENGINEERING AND 
INTEGRATED ENGINEERING, (LAHB, "ENGINEERING FOR 
SHIP PRODUCTION", 1985) 
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BASIC NAVAL ARCHITECTURE 

U n i t  Number: 4 5 

T i t l e :  - S h i p b u i l d i n g  methods - 3 

Tape Running Time: 38M 1 2 ~  

Readi ng Assi  gnment : None 

A d d i t i o n a l  References : PNA, pp 752-780 

SDC, pp 657-691 

The course concludes w i t h  a d e s c r i p t i o n  o f  t h e  va r i ous  ways o f  l aunch ing  a 
sh ip .  End 1 aunching, s i d e  1 aunching, p l a t f o r m  launch ing,  and o t h e r  methods 
a re  descr ibed.  I n  t h e  course c losu re ,  t h e  present  p o s i t i o n  of t h e  U.S. 
s h i p b u i l d i n g  i n d u s t r y  i s  d iscussed t o g e t h e r  w i t h  measures which must be taken  
t o  improve t h e  c o m p e t i t i v e  p o s i t i o n  o f  t h e  i n d u s t r y .  

Key Po in t s  t o  Emphasize: 

1. Again, t h e  t n s t r u c t o r  should r e l a t e  l aunch ing  methods t o  methods i n  use i n  
h i s  own sh ipyard .  Use photo s l i d e s  t o  show docks and h i s t o r i c  launch ings .  

2 .  Close t h e  course by re-emphasizing t h e  measures which need t o  be taken t o  
improve sh ipya rd  p r o d u c t i v i t y .  Emphasis should be on t h e  p o s i t i v e  
developments which have occur red i n  recent  years  and on changes which w i l l  
occur  i n  t h e  f u t u r e .  

Suaaested Problem Assi anment : None 







SHIPBUILDING METHODS 

END LAUNCHING (CON'T) 

THE GROUND WAYS ARE WELL GREASED PRIOR TO HOUNTING 
THE CRADLE. THE SHIP IS HELD IN PLACE BY A HOLDING 
HECHANISH WITH SETS OF TRIGGERS. WHEN THE TRIGGERS 
ARE RELEASED THE SHIP BEGINS TO SLIDE DOWN THE WAYS 
UNDER THE ACTION OF GRAVITY. A HYDRAULIC JACK OR 
OTHER HEANS OF STARTING THE SHIP DOWN THE WAYS IS 
PROVIDED AS BACK-UP. 

THE CRADLE IS COHPOSED OF THE SLIDING WAYS, THE 
WEDGES AND WEDGE RIDERS, PACKING, AND FORE POPPET 
AND AFTER POPPET STRUCTURES. AS THE STERN ENTERS 
THE WATER AND PICKS UP BUOYANCY PRESSURE IS 
TRANSFERRED TO THE FORE POPPET AND THE SHIP PIVOTS 
IN THE FORE POPPET STRUCTURE. A HEANS OF STOPPING 
THE SHIP AFTER IT IS WATERBORNE HUST BE PROVIDED. 







SHIPBUILDING HETBODS 

EWD LAUNCHING (CON'T) - 

I 

SPACE RESERVED 
FOR LAUNCHIMG 

C OF SHIP 

I 
I 





END LAUNCHING (CON'T) 

KEY EVENTS 

1. STARTING . FOR AN UNASSISTED START THE 
GRAVITATIONAL COMPONENT ACTING DOWN THE WAYS MUST 
BE GREATER THAN THE FRICTIONAL RESISTANCE BETWEEN 
SLIDING WAYS AND GROUND WAYS. KEY FACTORS: 
DECLIVITY OF THE MAYS AND TEHPERATURE OF THE GREASE 
AND PRESSURE ON THE GREASE. 

2. TIPPING. IF THE BUOYANCY OF THE STERN IS 
INSUFFICIENT AFTER THE CENTER OF GRAVITY OF THE 
SHIP HAS PASSED OVER THE END OF THE WAYS THE SHIP 
UILL DIP DOWNWARD AT THE STERN AND THUS CAUSE A 
HEAVY CONCENTRATION OF WAY END PRESSUaE, AND ON 
THE BOTTOM OF THE SHIP. KEY FACTOR: HEIGHT OF 
WATER OVER THE WAY ENDS AT THE TIHE OF LAUNCH. 













SHIPBUILDIWC IETHODS 

SIDE LAUNCHING (CON'T) 

SLED CRADLE WITH TILTING GROUWD WAYS 

I ,SLIDING BAYS 
FIXED PORTION 
Of GROUND WAYS 

JOINT IN GROUNO WAYS 

TILTING GROUND WAYS 

WK EDGE 

( 8 1  Ct- DOCK EDGE 





SHIPBUILDING METHODS ' 

SIDE LAUNCBIIG (COI'T) 

BUTTERBOARD TYPE CRADLE 

I SLIDING 
/ WAYS 











SHIPBUILDING HETHODS 

PLATFORM LAUNCHING 

LAUICHING FROM A GRAVING DOCK. VERY LARGE SHIPS 
(LC,, AIRCRAFT CARRIERS, ULCC'S) HAY BE 
CONSTRUCTED IN A GRAVING DOCK. LAUNCHING CONSISTS 
SIMPLY OF FLOATING THE SHIP OFF OF ITS COWSTRUCTION 
BLOCKI#G. KEY FACTOR: IF THE SHIP WILL FLOAT WITH 
A SICIIFICAI!JT TRIH CRUSHING BLOCKS AND SPECIAL 
PACKING MUST BE PROVIDED IUO THE BEARING AREA. 



SHIPBUILDING HETHODS 

PLATFORM LAUNCHING 

LAUNCH FROM A HOVEABLE PLATFORH. "SYNCROLIFT" OR 
SIMILAR TYPES OF PLATFORMS YHICB CAN BE RAISED AID 
LOWERED BY ELECTRIC MOTORS LEND TBEHSELVES YELL TO 
HODERN SHIP CONSTRUCTION METHODS. THE ASSEHBLED 
SHIP IS MOVED BY JACKING, BY TRANSPORTER OR OTHER 
TYPES OF TRANSLATIOI SYSTEMS FROH TEE ASSEHBLY SITE 
TO THE PLATFORM AND THE PLATFORM LOWERED. SIHILAR 
PRECAUTIONS TO THOSE FOR A GRAVING DOCK HUST BE 
TAKE# IN TEE CASE OF A SHIP WHICH MILL FLOAT OFF 
WITH TRIH. 








