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I
I
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Liquid Dry
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(2T17) (216)
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I
l l
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I
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Military
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I
I

Selfpropelled

Multihull
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I
I
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u-h s .)al6 d- G)'-e..Lati,l c*;rLr u;"" .p$tr .r-*.i b : ).-t

J jb ?t-, dl; 6c.*1 .glojl; 
n"/-t, 

3^e .:atSi o3>\- rr;qi t:,,,-rff ui,sX

;K_r) 5: ,-i;-l.r1-l) irt; J5.j;: .rl;l) irt ;r- orlll O{*L elt t

.))-r-/ orLi:-l ,,rl -11 cc.*l ,:-5

tdur 
r$3 a. b y.toilbyhrl 9,.p_.llrt Y-f-1

a-5r(Y-\ -1-(;) )t-.r- o:1: _;-L-j 
' '.r-� bp; o*:i rL-r;5c-r" r!(^:

ot-srJL5 oJ' ';F 
.gL; .i-l ,:^5a;-r. U ;|^.c.o 4::Jr d.J 

*W J- !-r-,or.tLi

;,1'-c- .5rll; *t , _t-- rl _lK*; o5't)! j l '9L- .r*l J*.:,ti-a *t" .l-

iL:i l, .r-r)e St t-e;|^.c--" 5rl-r-;' *t- .l*" a5 \'.jr jl gL; .c-*l "p1 -ri

jL:J tAitLif l-.. a.^r Li, jL:S L-) a^;^a 1+ jS 41ft +ti- afcra:.r.

.:^-!-* :> u:5 57--b j.:S JJb L-t)l.gtaJUi t-icll dL"i_r) .:ri.r, o:l.r

cgL-i ,) .)J-u." orl: ;-L; - c# ,s u:S'is tJ .J:-5 L-1 ;l .5bC!6-,

.ob.r"tt.fi! L;l.t rsf :" 4i^, t S:l:^ _)* Ssre;.l*n^p,_tL^gtir.;q

€ j ;-tS -* : _). .,t €a^;- b\;: ;l (AP) A:-it >t-e s (FP) a-- ry-c

1- Beam

4- Keel

7 - Depth

10- Lines PIan
I3- Body Plan

2- Extreme Beam

5- Trim

8- Moulded Depttt

11-  Sheer Plan

14- Buftock

3- Mean Drall

6- Freeboard

9- Hull Form Definition

12- Half Breadth Plan
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u-h s (C.L.) t.St' " h; J-.,-t'-f .rnlil-.rU .(Y-f JKj) )-f '/,.=-; a;jL-
'L-y' 

rrl.r-cl;r-lrlJS*:r. J:+ .bE€rc,*;i 12 6s3*e i,^;.- g;: c.r, "rbl:

),r-d o.:[,i:-l .iq-t^, 6,lrt 6lSu, J,f+:t l, c-t,.$^l

.:-l c-r. =i -;;,.L-i ,.1:lr..lL-s 6lr'.4j- glol.-1 acol-- p

i^;-. ,arrl-r:i i-ieV c.r, &i g!-.:*L- ,p dr,-lrlataJA.1r-.| J<.:)

d/-l;'b )\t .. jS'/-t?..tt? .+- tt **l y.l1 F. -tj& ..r,o:.r, oLt 6ty.e

Ji.a, jl J+ 
ti-r *. l.$-L- *L, ut-* c;:-:S.r{rt--r1;rp rr5t r J p

1 -

4 -

Load Waterplane

O/fset

2- Stafions

5- Curue Of Areas

3- Centre Line
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tsl5j9 sgLtu,at 3la;'zla us-t f-t J<J

.$-Sd J-<-lr uS .9--lit bjh;

GO-f J.*,) (Bonjean Curves) ;t] j1 u.*- :;-SC "* I e -&-r "r.L ,:-..
..:-l 1Le;rl 

jL.6 tt c.t 6fL & .:-L- o!-o: tJL"i; aL;; y rLo.r:-.:. ;,,_l -;r ..:*l

jSg.i-h ^: r5llsu:^:.. Jlt' t *Ur 6t- c.-t--- rLr.r:-:. ;'lL.rlS ;Vi 6)1

,,,1 ,,,;lr ! .c,-l ,,L;: g ,t ,_*.i i-r:.rr ttL: 6 JJ-r,! f s 6:s*o L; .(,-

G)f :'^;-- g -tt s ?i L; y;r t; Cf; 6!-.:'-l- Jlj:-,.>cr- r, Lrrr:^:.

a-l_y*..rl4iJ, ',!t? t_ dJr) FL-L"J 5.r:-...o i3-r+ .t.l{ :l*l t.r3l.;, y_l
'.-\-r-'/ djrKq )t! ,J_l rt S ,-*lf
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^ v"a= T6f
/ \ vvp = -;---

^ML

r \ v"rp= Vfr
A^,u*= ffi

"  -4v-" * -  
L B

, . : t . !  
_tr;

' jP s:;- --.e

'"Stre 
tS-t*t --t.ro

r 
tS a-t s..* p --r

d:* . i '^*u 
: - t r j

(Y-Y)

(Lr)

(r-r)

(v-r)

Ar g.,r4ir t,f -fB .JJLL,;3- rr-ti u ./-ht- g: rl c-;rl-e v 6Jl-;r

t-.;.,i -rtl+i "r<*A 3 rtr4i +-i'-a.:oL*,AwJ.J:5J * L:-r) d* 6!.c" *"

.x-r-€ 6y$";lt'l (.fl.b ;s-i) #*

1- Block Coell icient 2 - Prismatic Coefticient (Lc:ngitudinal)

3 - P rismatic Coelf icient (Vertical)

5- Waterplane Coelficient

4 - Midsihio Coetf icient



tsjg.r.5tguir6lif
Types Of Merchant Ships

lMerchant Shipsy !S)l+ .gQ;f 6tf I

ps4 ,* yyj;r r.r,!_r J ;; Jt ,-l-- \-\ JKj..,, oJ.S:ta;6t6+5 U_H

. l , lol ;  or lr  
C:j

lGeneral Cargo Shipy l5tJt{ \rdt l-f

'SL"rll 
::, jy--b )l ,S)' r' ,h. ,\ 6 6)-P qr (-l ,*b;!l 6lrl> 6r,rl. ;-5

o-r^:, j-L:ra: .; (Dry Cargo) S.-t )), f 
' lr-- 

,L..r-JC;lj .-ri;r ,,u!.."1 St ,,g1.,

.l=-,, ot ;-t ;K^. Lart-:l .;*l ,JtF .f _p J*f ,-g!tr );,^-" ,::5.-*l

_r qL;,r:5.5Lo.rtS A-_h rl $5 )l 6;- J).,ritJ ol-5 f:--aj 
tjF.SkS,

i.6-5orl-r,1 .: *;, J-- k+5 3'_l st jl_;iut\ )i'l- o:;l-9r b' .r-Jrf pt+teJt1

5r -t -= 6lrl: ,.gta;:S b 6 .i_ g;l-2lr ,J*L cSln-,-lf 1l c-r^:U ..;:' t l; r,

.;*lr "f \A ti \ Y a* !r.*, ta:i sgrr-yL; t :-er.r:-:o t- 10000 grt

lReefer; lf uJt^7:u- d.f f-f

6rlra3; sr* 6V.)7a>.J)J)..r,-L +Sc.-l "l-br! F 'e-r*;S g; U-l

2- Tween Deck

(one nautical mile per hour , 1852 mlh)

1 -

3-

Hatch

Knot = Unit of spead



JS,r,t* Jul

-9 r:rl ,s-UVr f+ 1 ol;a-; Lgblr cJ::5 .GJ;.r-U .r,-lj.c r13* .r-;L c-r;yj

.-t;lr r.ib YY :j-t- , '/-)q't-; drr;Lr) t3.*, .J,lou cl:l=-)-9y-l LaJLjl 45

lContainer Ship; t i1;i1u-G;if f_l

-;r Lr.;+15.: y€ gLp rrl-uL-l ,-914.;":1515:t_-r,,,!: :l-r,,; "f- 611. ;:S ;r,-l
dL:iTEU r>lJ L".j')r--. 

tsJ^- r[E.rft ;:ly.t;]u"-.,1j ir.9i, L_ b;!l

ols-p;l.t, -r-lj ;,,_l..:-,lTwenty Foot Equivalent Units rK:L a,5o-;;rr o>b

L_ P7.1) .it f . L- Y. b Jr+ts,-ro; :Lul d..:*l ISO ;k+ .r;t_r:L-l oL;L

;s ;  pLc; r l ( t ,  Y/0q)  e- l?  s  .>tA J  e- f  ( t "  y /y f  )  . : tA ,J*  ( r  \y / \q

SU ,t Yf -,t+, .JjJ 1*.,-tL .r-,11r r-9.-3 t S-&_t qgl.ao;l-r,l C -Sl cr:*l or,p-i

;;S^" trr-.;;S;l u;,-..;*l ;g f . ggLo +:t5 ,Slt 1;.y, s jg y. sgLo.;+K

t J-.;5Lr' t-i j c)r 6ard- -,rQ.'i 1g:5;_l .-rjL JlJl+;._ J:yo a, e--t

,f f P .t-S't ;E,t J-t- .1: ,i:* eWr L-i\4i s#r\ r ql; lr*

I Ji .-iSJ (Double Hull Wing Tanks) o;lr- -e.r t6li t"l c-*trU jU c-* ) ;r.S

..:*l (Double Bottom) oll,r- 3r

6V);1,-r_:n*lJ oJ^:, !rj?:i.!f _,, ji lt<d-|.:.cL orll-;r u-f &
r-, !-? jlta:-.t.tarJl 4-h.5yc/ orLi:-,l(Ballast) .-*)U iltu yb_,1_r+.r-l;*

! i  \ . . . . .  g i . . / -14 ' . : t *  J2 jJy . ,a  g r l  .1 r  6cc- ,1  f  . . .  TEU j l  " r+  b ' . r+ t j

tSUiQ rL-l " .l (J-::*a(Panamax) .-St bq;-L LSbb l4=S U_;)J.tyrf

.J* (oy qtf  /0) ;  Yf 1 r  \ f  - f  (ot  \  ,?) _p tYlY , l  s, !o 6 LUt_ JUts

S6* 1r crli Yf r_1.r- 2r.1 oby56ta -p st.ib \ 2 r3-r- ta;i 4f r;_9rL;r *-

.c- l ; )r"b

lBarge Carrier; erqJp d.f f-f

€l-p .u:^-.o ;L 6:B 6 rrl.r:[:-l oll-ut aa cEk-..r! 4;.:t-r,.; ,F Sly. t-d+:f drJ-l

\+-'! ,:-T -,r \-. ;! ,=L+ 1l J+ .-!:,lr rrr;15 Lrr,_;"rls;t ;J ki^5 U-l .Ji';. rl
,-l.;L (lnfand Waterways) ,bl: rjkti :) c*l ;S.-. 6 -brr-r J-L -rtq

:11 r. ; rLr l€^- ' ( , r_l  
! f  

l  ; r_j"-r- ."  . t_f  € or lr  Jr.-



1l 6rt. i (Jt{?.:Jdil

A. J,.- c-lU aS; f 0. . +rt ar r (The Lighter Aboard Ship) I-ASH 69;- I

AS;F .6 lo l l . e rs ,F r  L iV r \ ; _ l  . c . * l r t r  b  i f  . .  o j :  t  4 . *  E ; !
.x-r./.r.:5!! u::S{"-it u-h )l o-u; u, ^'. ;5 Ss-t

\ . . . ,j-, .i .i- J^ 6-,! ln J"- .-trU 6;r; Yl . . . .+rt a,. SEABEE 6g- l

"r.5iti or; a-.' J:5 4it ;r a.f ,-*-LT C, Ly k--,! ;r_t .;*.lrlr l, ;;
.sj.r,:l| J,lo-.u dJf.7i.-/_b_,r L-i S ,_blr Lgti,-tr t) ,r;- s $_r,./

.c--l(BACAT) 6:! J.^- jlrt"LlS ;S t 6r! J*- 6WS {tt :t -&_t F-

lButk Carriery tde .=r;s- 0-f

iJ)'Li -t-:,L r-LorL t))r6' g\h A).-,1j"o f .(:; cgb;! J* Slt J.it jS

)r* 6:f j tulJxerl;* .iI:; (lt rl;,r,-[".=; r;S.;oi &- r3.lr-JV;

_e o-uK, U_ r (grab) .(<r* ey L--f -\tr./ 6-Srl.J 4; .t_r€,!* .f: "9_e-1

.rJf E;t oJ; a---'.r:5Fl);r +5;-t-oal[i;s--; U-

,r"K^ r! ..-f-t1l-a ;1 a5-r.;lo uj. a-:;L ,1.:.r, :. ,S:* 6:Vl Cr.,_! 6Jt56;l.a4J

a.*; LarL;l g;)L .gia"rL5 ,t I j)t;, ;* Sf -h SC 6f L_1r _,;r uS aS

et-z-) xy€ r, c-)L ?i L-_f t;r"<,- r\ b_lflr d(Saddle Tanks) o-r-i

;ri-! jl G;,h 6l-y rlS 3,-|,(-r5"r, Ji^- J".i-t- ..b J-<- r!;.sL^:! 6 jv:

":!,; "-tSS f-lfl *! _r:-! ,F f .*ttj;f C gta.,t;S..1.c f -" eJrtS
t+:5dr, ,_l i l l -s l . rr l r_, !- l+.r ;" i "_Li  J, . /_fu; l , .a.r- l  6>_r,- /  (Rol l )  r ;Jt

b \ Y ;e ref G\l> sY. . . . . dM ;l.r* ! "t-k+51, ,l-L .(+fg5La.,1;lr jl

.c*t .rf t f

t*-. tL. Lt- d/-r+ J*- ^-: lrL! 6 r,lo-E e|h ,jtl l&.gta;5

:t J* 6;Loo;ly-: g;!l: a,5(oil/ore) ;t^i3.*.1 d J* ,-r:-5r:1" rrl..rL'*.o

.J-,[l.;So;L; 1 ;ei,K- )^- 5la rl,"l 6;torLl !iji--^ )zl rglsrl;l C-b

)q-J {:J-Le; -t_! ri+J.i.-5trr:5 tsf.tt 'J-r.rL Jls-p.;,i:6l.r' (wing tanks)

J* e_y-*; "r,_ta.r:s.(>f .f c."-Lcr;*.o gLo_;S>;;, )),5 ))}.l-l)

1- Marpol = Marine Pollution convention (1973\ and the 1978 Protocol
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65 u,tp Jt-t r '

J;i l_f € OBO.gLoy".l i ) l ,r i '-..J,lou f\-h(OBO) "^\3.- I ali,;.; -L.'.-o

.r5 J,-- y l2 p:;6 A .t-;U:;.

(Forest Products Carrier; .3.fr..5bos.1JtJ Jtat,-i;J- 1-f

€\-P :^o\S 327.91-oa,c.l- 3 a5; ulrl +j ,,-Lo.:r-eii -L* 51y i::s at ;r-\

.t-j L-i el t-; rL+-,r L-y S>3 c L- r-r,1-.rr S#-,U. -'..P st" J ty,-/

FKJ-*Lhhhhhhhhhhhhhhh�:.^;5.-; ) e,-* SV -bt n)j;Lo;! ;3J s:-u.') .:-l --<*-r*5

.-!J L,g

lTanker; o-ga, F Y-f

J 6;)1.; +F ;Ui tt\x'' a' r,'a jl l-r-7 ;rG., 6:l-u';r l; 1\:' '-4j .,JiS.-a r.'5

.g>1"t,; J.--r; .lrti, J,,-l .J:S.r, J-- .,;5 J:b' i lK*:-l r,, ji jlJ-;L JF

.-:arJ,3 o;lrit . ';..s-,-/ 1-l.7 F-.r(,- )1 J* l;ly-: -e: ,.--flu J ,r-a)e J;Lro;ly:

-9 l-q .rrL; c.:l; *, a/-l ;;U, .ttf ,-l;; ': '(Marpol 73178) JtrU l-" 6U

c,s.!,1a" ;> u;1, +i.:t- L- Itb sst J:se ,t S nst./ *-S -b-,t )"*

.:l[i .gla*- 3 ol;.4v: L-91r.* c; orB* S]r\-l t=h '-u;L L-r: a' cj

.gf-a.r:-,:S.r:;\- .:*l jcSrLa:ll :L-i -,Ll ,r-:[.L ;r lt; i-i -f* .:rja g;t

. - u r l : . : * i r . t  0 . . . . .  d w t  b ' 6 r U L C C  5 t a . r : 5 U - ;  Y "  "  '  d w t  u  d S Y V L C C

c-l ;L \ t ti' \ f Jo )J.* Ll r-.21r -,lj! -.,r c^i;e-.1ia, ;"''t"1 rJr-r-9,!.r) '* s-

(Ploduct carrier) ,r;n r-r)9,a:uo Jto>,Jif 
'l-Y-Y

qi.^: 6LAo: Uit J-"- c-<-r a5 c-l ,53n g;l.a.r:^S tl u-y* Ly -;S ,)

ai;-l .)r,r, f\P [*f;" ;,--n t- ) ]r* ;r'-7,ps)G rej -t L pt-i.-Q, "u

PJo;ltir ,l .l-)! :;lr:L:-l SUI: I .r5;,-Le, 1r Jtrl- -\sP J.-! ; ta.i^-:S

.-r.:l5r-* r;i tl,s ; -;-

v Ramp 2- VLCC = Very Large Crude oil Carrter

-1- ULCC = Ultra Large Crude oil Carrier

)



tl (,rw dt{;-:5dil

(Chemical taker) ,4!q!sf9,o J^r,J5 f_Y_Y

c-l ;5-- rly ;-l .c.*l (ali J.st' {) ,l-!3: rly "l-- ep cr:-s drJ-l
,jl-t- J jq *sr,]SJIl5!yi cLr-r-l U)t,b 

(-r:;t J-.(:- g_L-.., rty

' '* s Lt#tl,6Lr'rr1lj

(Gas carrter) jf;[e otf f_Y_f

;6of,r- :"' J*-..1. j)l^' L r*l gt-L^.".:l-2. j-- F 'Sy.26;-- "r:-S
.rL:i c--; t_ I ;r*_! tjf r+.1: .1r ,rJ

ILNG s'{r l-r-Y_r

)V; .tJ-cr' 'fl-h.:-l .tLr'UU .S;<* .il-c-:-. )-- u.ra- LNG ,-r: js

, $l i'/ -t.ci ;i .,,t j) ! -, sl-r r>. J) J.:, ) y d -L -zr y" r, , tf ;,_l -r-i L +f r-- r,r
-\ tY" _r/-*;i ,L:i ,r (boiling point) oi jr+ ,Lio.-r-.:L qi;lr )J+J C_1, J.tp

t4i ;jf Jrb 1l ,-t'td- ,l-f LyrS;jb- -,1:-\ 20'c r, ),r,-*. jttdr,-l ..L,1

f f . . .  dw tJ . - ^< r t  \ f . . . .  I LNG6to . r :5 . t t JC  J * - r ,o - r ;  6 ; -h

.,:*l 'f \ q b Ui gi:-;yL-,: r-e4 axl: 4-h

iLPG slr r-r-Y-r

;,-1.c,*l j\:lh u.rtilritL-jy- riJby JJL i3- rl-7..f.- e-4LPG d:-5

J:.s * I t+i J-- .5--,. ,-/.J1.,_+ 6U 1-,S c--;,t^-., c'sl-r a-r: r: Lrltf

..r;Hf*, rr ,L=^. Jsl-f {>..)) 2) ., ( \ V bar) ,L:i c-^;'>t S(, jrt j3; .ry'r, ;ldl

,-*:t .8 jc )lt ;Lal5r 1l .ryr- djL arJ-l )l ,p 6 6* \ $;l-6lcl +:-l

*s> ).i--Ji rl.:i;r tl-r ,./i l -\Ooc ,r-.r: -.rr; (A bar) ,L:-i \trqi 4-:j (lJr

&-+ J J.q95 F')r"- LNG ,_r:^:S;l LPG 
U ,# orl-ul -0-. "c .>rlr>

..:*l.rL5- L,_F t4:l gir;-;rL_,;:

t- Liquified Natural Gas 2- Liquified Petroleum Gas
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q$.!-t l Jh> d;r A-f

lRol l  on-rol l  of  u Ro_Ro shipy

.11 trt-rgj' s4|-* Lt a G:lr J iJ-ls) +L;j (...}'-u-, ,F stt us gt ;et

.f_$ u",JJ .iytJl rr:;l x_f C S,Sh qb"i, ':-, U_rl_i; 
7\ S-t.t

crL.rl, ,*-l;l dlJ. (lift on tift ott) .if u,, tft &ar- Lj 6 ..r_tLo_Lo

J +;-r: y-Q:r a;l-;b.,5 x-r'l a:;L.gr-,bf F.gLa;ir ,SjrL.-l q5;

1'J-'a a&)1 -,1.1 JrL; ,. Ly.-t r=,q,. 6l.orrl-uL-l t ;rt;.,2r ;r-l *S. r.;"--a. ,;iL

.lr*-r J..- SV 6 c*l ;.(-. Ro-Ro ,5La"r:-:5.c*l (Damage stabilily) o!_)

€\P rt lJ j .- SDb i tsl-r er St-, f&.!-1 )t _$ t_r.:I ;

'-l-J (combi - carriers) ft- ) J",.lrl,.,ttii ;i;; )-- 6la. uoG.n_rC
j* 6la,+-f "J+ Utr"r:-:S.,1 r.- *.t .j1:; Ro-Ro ,_5Lr;5.;t Jnt .$J;Lr,
.r-,11r l, A--rtf 0. J it "' Yo. . J'.- c-uli 60. . . . grt c5Lor:-:StJ {.rJJ*-tl

.c.-l .:b yy ti \A l4i sgr.,yL_-,1) r:., ,r

lPassenger ships) .5ttb \#t t_f

, (Ferry) J--_r-tt J tL*. )-- "era;- 6L.o.r- .,5 (.t::--^ 
Lj s, t^u:-:S J,_l

Ly gQQ ..r"itil .5Lr,r:5 J;l pV JL ,r . (Cruise ship) .r-_y' 6U";5
(cruise ship) -r,_.r- '?--* 6Lr,r:,5._u_r-,_/ €|b Ro-Ro ;S;tt2o oferry

'?_p 6b.;5 aS 6-P t .-rcla:irf l, (Luxury) .f_li e-p 6tr.r:;5 6f,a

..,f,_-:u(cruise ship) -u-+ '?--p 6to.r:;5r, eueen Elizabth ll :rsL.f-$

.qJS t+J 6 tr.r:.lS; I r l::*n F J -cJo 6 l-,11: x-t7 U>-,-j; 6 Lr r*5 ..u I o -r-.:

J.- ,,r,_bly 6V. . . . grt c+Jt t 6tor: :.S V _v-r-€ o.ul.; r,rLrL L-r: 4tS S

.;*.1 .iU YY U Y. JJ-r>')-r-*, f4i 6rryL, ) r)-cf .!:*r! l_,11: l-,1 ,it--r y0..

. -ur l r-,2 lj d -t_l-l Jls -p .:-*; (saf ety) .r*,_l ]) ^Lk 2l 6, r,. Sl-.5 tr,-r: :f

JU, dl, .;*l ;:i . .r:1jl Jt-;) -rr-rj orb 
CF )[;r drr,-La uS ;r- ,>1W

)

t -  Ramp
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g;rl-t^; ir-;.a.-l J J;SL.. ,f,-Ui l-,,.r;t5r S.,1tt 6!lor; €l-,b d,-LAd:-:S

F p l.rJ+rls-u:Llift on lift otf .5Lr-r! rS.r.ilor-; '?l-h Ro-Ro U,_*
J5"'
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Buoyancy And Stability

to.r!. l-f

il Cy.tt* I ;tri ,-i 2r -,13t-; ,r:-5 .5-- -rf,,, jl c-;rLc t;5,5;L:-13., r=r

6l-oc--------------------------------------------------------------------------------------ri_r,. -s> t j:-3;-)t- J G^'-l jJ^L;) :l Uf y d,/_l oS r5il,:-l )Jd";3

,f -f (l-:> r: ,,.--) ;i ,>r'*5;) .r:rt a.b 
IUL: ,t; I Sjj4,.=l;; r,.gJt

C-'L 
t*r-t st S ./-,J 6Wy:.J[- r.n.,l) .c--* y hS t-b ar rd)y S.;L-l

),t_f s) a5r-,11r c4^-.a ,-f,i����;..*-Ji, li F FLI-lt.r+ JrL; r;,y , tyd

.c-.-.t' f=.^, .-!ti 6li. Ut_:r

a-,'t*i-- ;5.t.r,-.1 ur.a j 4 e;a'. r6-;1.r,-tr, j g-2j:) psll; bf

.JJlJ,-t d' ,*, rl .ttJd bgrr(arrangement) ..)i ,-rlS.-r,-L"Jt+ -l ,:5.;.r, ,_?l-h

+ l'-li -hVy L_ I c1'rL.o; tu;-:S ;l ?* l:Lc-l roL-il ,--l-h ?Vu ;S

.tt-S C JL ,,n -,1r .rL;l 6rl-r*; : u-S ,_q:*l r.rL-:l F_sA;l c-"! erj-r.r U_.,r

G i E a.+i .c-l ,.rt-.(,- -;jL-: 6to55lFl q5,JlJ .5rlr-|1.,,.t..o .r"Ll.

.LAu-".:5.JUJr .li ry;t5.,11 g;l{-ryt ;l .>srV t"-i u'

6r9rii r_r

J )ttjl 6L; r.r1t+ g;L; : -r-orr, iL5 -ilt t! 4r )15 uS ,S'-dJ, \-f ;5i

J* f-t J,y-U,u-h y C;)t -e t-P+AW L.:*l J9;S )S i;1.'-io jl,SL;



JS s?t* J)4t tl

I
Plan ar  LWL

,S2SV) t-r;*

;f c-r, J t.tls:i -,L:; jl ,-r;tj tc;)Jt. ,. 6:i =: j J':^! I .)y./ rrt3 ,;^:j
"!_b A L.l: ti;,r_t) B 6r;L^:; f y t r;t.1 c)L u-b y S)p .Ssi jt.:_;rL.e

'f"o)'r

/LrA u/r--:rl.tyti d/_lJlf JW=A (J*;U Fb-lJrU,;. *J ), uz-S;l
!-L G)J^-e c.++ -r: G y B .(displacement) "r:54-J a, 6r; l.?yt? -i .tr-9 L c*l
oy.264lt-e J) (u:-5 J-* n-tjl e J drc.r,_r;l a.o (-u-:U U-b .(,_ r.:

.u:-SC dt, c-:.iJ;f .r:^SUfpl e^rL dc.--:lr r,oly; t j-1 u,_lar1V_S

f f-r )t ,-*- r.:*l6il.1r.ri t4-:l- vi J. fr,,,rB nj.-;.b 4?i r,_!

tlt o.ts dJ? .(f+)d ,-+,-b V t b ,_r:5 C.it: g* rtrL) nS ,l.it e_*.j
:s:;ilr C="l_f rr:-jlr t*-r- C+- ! .:_,1 .g;1""-, lf Sg :*t_ lF ! ._ *"1

W = L = Y p n g

v Jt cr-trQ ..ui[ rLi 1*"-- 4...,: r_! y_rU, g,t La <5,1c,*t *:i a:^;lrp. )
yg=9/81 mls2 u.$!xg/m, \*+21pwsm3 ?J

W= L=Y (mt )  xp* (kg lm3)  x  9 .s7  mls2 (Ar)

.)-*€ Uf ;, !r.^. 6 si r.,, -, U- -l .r' ral3r ei - t 6

w= YPn
1000 (q-r)

I
Profile on centre line

'c.*L-rr :i Slt t . V0 kg/m3 L_* s;u_r-,.1i,jt \ . . . kg/m3 JlJpn:tti.



, t f;tl t$, v, /,,j - ; rr9, t ; tl
lV .g;l.t_t, f r.S.;f L:

* .5r: 1l c-*;rLr 6 t-r d o.r,-) j+ (F) .g-,.rti * f , \-f J.tu r)

,-p-.:y,_/ 6:t- JrL'.; *Jrl 6.rrtK:.o jS 6.:*l 6l+ti; F .ui'r-i-

F .$g Fr &;i dr,,-l Jr ;s r(trim) Jr.b.ri:l; t- (heel) u;re.r-::lt ft<r-n
.JktJt- )l * y.r-21:.,lj( C . L .) Sf-t L;6,1,')r^- F,f fo.rt-c;-rtU-.:
c.;l_r;(,- * F ,lig ra- s2l5' a=01.1r r"l(; Jatr'-.-.<.6.,2!.uU 6lorL
t^La a' s ,:.itJ g+> c J-s_l.a;-l -,1r r (non-prismatic L- non-uniform) .-*,1

L-t-,;"tq.trl-r,..r.,Le;(amidships) "r:-Sja- J Lt "-;e s _h stf U<,-a..,i

i-t- SD.rld;t+,tp;1F ; B t;:L 6ftyJ*;.=r,-r CF: taf:
jJ---.- _r_l_,, r.:L- o;lr r'1'--9 SIJtS:l uL.y- -/J.) J.+,p)

Sjs-S 5Lra,by 1l o:G:-l j j*t : -*ti .tV< ,tss J; , (Simpson'sRules)

: jz-1 u:-S &'L-l-,r"t*,. Jq-t^" ;a-; a"by g;rL; rl.r-; lLiJl a.,,_l .lr n5c.:-l

. ) J l )

,J5S)! ;s si;1V; ;Sr" 1t;;2l.-r*- r KB {--t^" 6lt ,_lr t\-: e-* JyS

:.:-l j3r- Murrish's rule a, a5.r;lr r;-1

V
w,

-ot.-n Aw J uS uly; c*; 
f> 

V cj- ;t-r ,t ,_h] il;aT d.rJt- 1r

.c-l ;jr J_r* 6\t;:-:S 6| jt5.;t-r:l .. Jyt;,_l ..:*l -'i'^-i-

t 
diG,iqf..St-l9j rc rp f 6.rf .^r-tr- t"- t'

. ,-, t , , f  FAt 4l-f-f

;;> .r:-5.-t'o:"/ .JL5 6t1l;: ,F f ly "i- 2r b "r-:S"f,_ ,-t'-f gF, t-f J.<J

@ o;l.rlq r,--S rt t-y'>tt &)CoL, .i- *-r.? JS:j .i s &*.-aJt J-C,

t + 6-l*! 6-!-ir> Jt- ;r \ . i i  L;6drt;r-1 ;, )-2"*. .r; l: .r;![o r-r>

.-r.:.or tL.:; o-L.i or.-:r df r, \ ,- S >r; r(,_l c ,tSu. f- j ;S

x a = ! r -
6

( \ . - r )

1- Transverse stabi l i ty at small  angles of heel



j' 'S ,.r,V J)41 rA

(a)  (b l

ol.uli c.'.c-9.,1: ,:,,:f 
( g .dl.! o -ai5 2t.r:.:t(,-Ul : d.f .rtl!-L" t-f ;(;

h:b -,i c+- J# G )V f U-,S.f Ja:- 6+ aia; .>ij5; ..1-r":I; ;l,-

6*t-t eS! -rs,-f lr., .llK. -.+ B' a, B ,l .gr;t;j f -,' &-r-b. JsL:' )-x "J:

6si s crjl ..sLrr J\ *.1:* G ..,, F f -t ,t,* tert+ "rt:Sr, .f"-? d
-bt; "i_B' ,l Jl ;JL dr"-1.;) rA= W ',:-,- -uUrL; Jt-.,2r J *.r-r* j* 6r1V)

a!; ..t-l C-rW L ,, B ;l l51, 6l{-el :-pr M a.led t: b ,t-1,{g-:W' L' ,' >2--e

tJ;:l; 5+35a;t-13 ) SV.>_r,-l o-t-b (Metacentre) ,;-V  Lij M ,bi; t.t-Su'

..:,*l c,rli L-rtJ l.Jr.j,,,-l r,a>-;) \ . r3-r-

*J t slr,-lA .GZ rrtJ.I-" jS rS ,-SL., oJ-oLi.. ./ J*,.,)

GZ) ,_iCo.r-rb(Restoring moment) ..rslrJ!,.1L,.-,1;L:5 ,t-l ttt-St ^Jrl,', 6

.5+;5,5t-l-5;.;r .(c.*l/ t-:lj.,1) 6.1j* Gsis dj3 i.r;.rr ,.r-L; L-E J- iL',U

: S i n  /  = Q  o J i

GZ = GM .Sin Q

GZ = GM.O

(\ \-r)
(\ Y-r)

.)r r^lF A. GM. 4 .-:u;bJL rL ir_l.r!

-:ti J\- r, ;Jrt )) f, F -*- rJjL i. ,'. o-r:.ilrjL jt-. d e) U

lStable equilibrium);l-r,-t- JrL; Jt-;r.r:54-(cj5 ilyC r-uL a:;l: .rlnJll

)

i

w I

B

K



l1 .51l.rr-U,.1 tJt:Li

,ltG t:M Jl .(rit c-:, GM ui*_) ri! ,- 1l) rlic g;)! M 6 ,-?, b,-r-,- t;*l

,1,-k -, .:-,1 ,1.r,-!L Jrb sgllr "r:5cJl- ;,-l ,: (-uU "ro:. GM ;'r) $L t*15

ety M rG ;l .Qs-'r i-S:t:lU'-rr) 15 ;A; sjr;.a,;! c.* a, 15:rl:

.>rl: rlj (Neutral equilibrium) ;- J:L; *Jl- ;r .r:5+5r-;: u" o:;E rs; -;"Lu

-t-1. GM ..fu-l ,;^-a r;*l 9-6- tL^t f l-,! -(,- ,:-5JrL--.lr (GM) ,:-L, 1La;11
GM ..5r--: g"alr irl t-! 3;; up;T rt-r,c" .r,-! Jt- ,t' f r-uiL *i

(Rolling) ;S ;tl; gt-(o lStirness) "r:-5;* il4 S;rLrl c-4-1 Slo!-"-,

.i-e-! 3:tt\<.GM.rrb d)Ujrq-- ;i y rA-e 6f >jt-.,,,.s1rL7 rSr;*l

,l"ai;r 3 t_rg Glh.U g_6 :rr c,.c! ;,_l t ttf 
f 

,*; "f* -* ttt

.-ul ralr; LL):) uS eS7

,lrii, .r;l.r j<"-a ;-S U -5 o;1-r.:1 a, cSrc*lF f ti . /0 ;* GM J +.^. Jl.t.l..

(lnclining experiment) .ri^:S 
j)t'et,+-t-_,i J"-h ) ily€ tt r;5,5,-CM .r^r1.1

.r-5*t- lr..,i.ttr;.,, i s ot- lF
:c.;l: f+tr J<;;tL

G M = K B + B M - K G

c>l;47; ,F f l-t -t V:s::-:l: ! tr KG .-r,->Jo.:trt e-* Js"S "i- XA .9t )Li

:ttf u,l;I-.fs oL4;^!. e; -b;r L BM .rp e-L, ilj"l uS Cs:

B M = (\ f-r)

"/-ti..tt* f+-V : u:-5�1.t. J-r.rr,i bi- d"-, f t fJt_;tyl 6fLr:

T ,-i )B e-f r, L JJtl l, J(; ,J+L- C:! .5,- JE ..rtrr r, .c*l u;ip c-*t

p2
B M = ; 7

t = L B s  ,  L = L B T
1 2

I  -  , L  . ' r l  ,  < l  ,  . ' r l r b
X - t  ' v '  -  J '  v ' / '  '

( \Lr )

I
Y

' . t-$.b 
r!

I- +
2

p2"  - K G
127

G M =



G:S,r?V Jrat r.

6- or;il .c*,lGM )lJl* J. -r1 o^;.o ,-f -f slLrt - ,oL f;;. L-, ;,rt o

J"u rlrL 1, F fr" it_y )q ilr.- :-.-eL (6-l) "oJ-r,,: 
f-f ! d;t.r-;

csL'l:,j 2r Lr c-*l 
1: :.,f, :,t 

"H 
:!;;: Ji

'g;s9.oc 6bo.;UJ-b,;5 f-f-f

J_rS &-.GZ = cM.@ ;t c-;rL.e "til>f , jt- 45g;;tr J--FSt-t;r jtt

..:Jul-it-.a .gtoorL5.glrll +f .r,-b;5.._Sly o+;r \ . r.1-r- .gL_l-9r;r GZ 5ly rr.+)

;r-l .-r-:---o ::-=i a-1, :) S)p ;;bo;L5 q5lrlr a.5 J_ta.r-S r:- r:;lr :;;y

:;l _t:;;t^s -)j.,jt

GZ=SinOGM.ryan2,1, ,y

)-rc/,-!,-+ t ^Jy-, 6 .*.* J;*; ,L-r *. Js,|:r-l .*(-r5r.r; 6t-131 ,r

( \ r_ r )

I

Liquid densi tV

M

u

1- Wall  s Ced shlp

r,-U rlT e! t' r-r Ki

,/



f l 6;l.tu-!_.9 6;.pLi

^L1 45 -ll ," ,, .-,l5 ,-b. s c*l orLL-l ,'6* 311 Ct-ls) 6,lr'. J3'S ;'-l

orLi:-,! -!U J-fr, ;r-l J;Sr.:- ,,:;l; .,-91; ! "lr^^ J $L; clU nt.i; "(,-.,2.: M ",::-L,

.)_f € *-i(\ ;:-L" st ii y-l:L; ;lU +ti .(,-.,1r M 3 et J2;e4-l;J.--.;

rg-b slji Ch-ib f-f-f

)F,-,.itu:) J *-ll ff .r:5;t-;;- .#;* ;l y.aS gf .fi t=r-tU

o;\-,;-l Jt.:^-t ei 5 '-;1u -r:L 3L.l;!4, 13lrlr uS L)--c rr Ll .-ul.-:ti

6 f I Ll .rr5-r..lr; J^" :-l- f-- ,5- l-; ,li r.r-e;r gL r..r-iL y hS t-r!.

^: )r JP Jj;r g.L ,5"/ -;:I;.J:-5di 6'l<'t -u[ a:;lr 
3L ctl;;r ;l ;:*-:

!  iF - ;-r ,  C.L . .by./g F f-" f- f  - l5.- i - , ) . )-5-Iolr ;  {-  . i }  jL^

t t-5.1G' CG rtr : -S_E f  , 'c5r.-r11;,- la5r:r5rr l r ;  ; ,Srg'  bpr c-;b

.( :y -ralr ;  g;11) S:|  i t  -E; e, f-r ;G')

'. )-f 6" ;.:- "t:'\>rlrt SS)L. r>-f ./ o-r,-: ,$;;r d.,1-pt-a c5;J56L-l-rJ r:

G'Z'= GZ - GG'= GZ - GG'Q = GM-GG')Q (\v-r)

: g- f o L* G Jf .+ L* ..:- l a^i L-,r:a KGG" ir l -r: l a,,::- L, 1to-; 1 2 [L a5 f"+ "r,

A .GG'  =  Wrgg '

y f , ',* Fa^- !L;: .i" *J;,-l;r .c-l i;; 6ttt CL .lj; Wt 6 JV ))
I

:g-;l: BM= V 
.lel, j i ;-LrQ .:,*l tl;.,; uzS 6;1t: SJi ;-f 1j7- r-r-,, CL

9 g ' =  b b ' =  o ^ o =  L r a ( \  q-r)

1 ltt- - l o
v P w

1 p ,  :
v P w

( Y . - r )

(Y \- r )

.a7- 6t .t gL rlrl *- ;rr.GM -::aKr1-t-c-. 1l ;*l j.tV ,l-l s

:;-tf ap ilig-r-i,C-U f+>v J iP.l-t:, C.u )lji & 1.r:.-rL'i ' '5Jt-rr

G G ' =

G G ' =

1 - Prometacentre 2- Free surface effect

-t
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65 u.tp lrat rt

Lp ! c.*t J-11, GM ;5t5rl ri o rr-.;L F-;f i.:: ;;t;. rt_r,,;.rSt

:ua- t,i;;t -p isss 6t- rl;i d"- )l y't .gLor;,ots

(Y Y_r)

. ' : * lorL; ,  q [ ; l " fU. : t j l1r  ; " . rS j ! I  6JL r r
GMu U_ e (virtual GM) crilJ GM r;rLL ;_l d:Fu-^6;t w GM ,Jt_ ,trc, a,

-r 6tsJl.rrlb c-'U 4-:;-^ I r-,;tr :1>-1 6t rl;i p ;GlrLtr;;;tj -ti .s j; u. ^:;S

e!- 6li >J I CU .rJJ u; "r> e s:-, I e U r*, t.r.i., , I J 
--*,, : : J u.J r 1,.;. p.rr

JF jl.,<. +y ,t ,$:-- J (s! .;;lr 6:L; .:tjl slr;.r, u[ "r*_l rlji

.6tF -b :t  + t el -,bj l  o+ ..- *.1

,_e-e 8 :_bL"-a) r;l: 6:L; ;lGM ; ii ,-ef Lr^-* g_t r!;i gL_ .rtll

\ i)t- d;,,-l;l--r lCU )lji & i'tr ;rt5"l, gr-.,:e .(r;lr GM y e;:L_j ;t uz_S
1Cu 'sr-;tu ";s-; gtJ5?J5c;tor*.. i  ! \  Jp 45.-*.tdr,- l  lrrsrr 'y,ts

';'3j 6;-h ;L; a*-:)'1 t+ '5,-->rr*

5 ;S j jtGM 6c*.1 J'(-" .,rE "rJ.,- Ut+:lt- r, CL )tji Ct- 4tar,_tL-f{,
. -r,-r.! p, r l, (Ro - Ro ferry),J.*r;l J,-- ',::5,5,_ "fr J t :. ot :-n y. rr- ;_ ; t'),, S

;-S tt;-.i a^;"a ;l F.:;L- 1 6,j- *- fr, .tt- _.r c.*L- a;lrl: iJG .5r ;,_l
'63i .-rp o$-x ( j-t'.,ll--.t) ,-5.- L;r -,i;l 5: ;,-l .51+irt- e.rL-r,7;r Jt .;*t

:U q:-,lllJ GM ,::at5rlrl

GM ;s ts  = 
i ,=  *= t *

":^5rc,*| ,-# J:t;6l, ,1lr.r:5ylth.:*f GM J[i ,  ; l  .---4cFLf , l_r:. ,r_1
..u .r.olr; i-S:l::[ Jk-l er l or_e*j ,lJe

tci:r-9i |.9b{ij9 f_f_f

e<rJY-r:-l;L..a.rrtr gL rlri gt- 1."+ S;L- ,F Ff;lo_u a;2i L;1

) c G . = i r # ,

(Yr-r)

7- Suspended Weights



ff dJl.tr-L- j d;.rL:

.t-!,-r- lh;l 1; 61,;il ;.,;7 6lr'. r-u:; th;l r-l fg ; iV' '-t-e.,l': 3L q5l.rr

1--? ,4 aSc-la./-lt *i \:.rJ) i;;' 5rr, CU 5f 'rciu".r:^5r(-K.l

f,'--.+ J^ :+j ;rr-t .(;*l CU 5f 511 ,:-W +t.c; m ) c-*l ul;'-1i m J) '-J.'
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,J-h 6r Jr.u l{r J r-sLt, J-* el'o^Lo st 'ts th. 'Lr:-r* Ji gt s'

J r_ss 6ls;":S _r;L -,) t' d)e ot!-; ^z JD nf,;,-rtf s e-f 8r

()J:-i 
Fi oJ--e o1r$ is a'.;,slju'l:,f*\rSr*a dLo.;-f .(-r-lf it'jl \SWATH

6 -3-t "sJ s (t.SLo-r;) .$-f €.fL :i:r d{ tsrt;l aS u'-631"5 &-

, 
):z-t 6q5kl5 .(r o.t^i ntWl gr )l ,-/u elt:i) )-r,J rb :i .,) d* dhti jl

'dj--l SGs,:. L r.r-.;t; SGsi -&-t, ig Sbs* il )' uS;r oJri

.:y -r.:,olt; J:L;;r (d' Alembert forces and moments)

1- Small Waterplane Area Twin Hull

3- lnertial Reaction

2- Added Mass



GS,r?t* Jr-t ttA

e..eL dt<- ,S)- l5 LJi*. ,.1,r-! .r:*l *-* c.r:^s Ff rr ..tl(-;'U

csL.nr:+ .rl-r:-.1 dr,-lJq .$r"/ -# \ u:-S .>aq 6 :_rr-/;L. .l.l,i r1-y

c.rq i! tl 4 -ls-rr-/ 6"lt- 
c+ ,J jb ),r^-:l-r;-.111 oJr -2 rllj .r(..,t--r3.;.r"r

SWr rA\ etr-l csLnl-rr .stJ,_l tsF f-t ,-r:V c{.- r.r-r,i r;-l
Cbti d,r,t*^ o;j r*lr.tSl; .it^r,_r;ir.;r cJt-(- -St SCc^df;, ",;t+

.ttJ,g;Ei;b 'F-* c-.lt-- r-u-: Jrt , t4t-. ) df-lsrS*t -rl:-r+
.Jl-,11r .rj.-1 t^r':-:S 6f .,: 6lo,.;-r "lrt .- ,rl_t-.-. t_ .;"r t',Jtti -,, o+Jl

.r{,L,-:11-rp cSb-l-r JJ*t,F-.^<,-J, .,ill;-, 6b,rr5cJr- ,_l,U-;'U sr_:,.-l
')il-,-/ o*.rt"-: l-l ,f r-l I

c5l'f,t-J+ t-t el_rlc:Ll9>1 t;V 4;|.jj:; \lr rrc.*l;S-.,r:i.S.i-

;brl5..,t--: s-t* .J;6sirr!-.^-../-Ulr c5t#t-J--*'b.-r^:!.,1iL Jl--,1r "./_Ulr
J &JtJo, qJl .,.:*1,*:, ?i s UV, C. e ul ,f J-brr! d...*. ,y-l I >:-5,.1
q !-r,.- y'rl :rl.: -jG.r-;l: ;ljr ,l+ .rrl-r- t 6L-l );Jz rJhi rr ,_/)J

'Ji-t-,-l ?-* 6)V ,Sbs:: JsF

J-lF.rt-j t u-,1.9 rU jl;U,JSL*.; c-l dlr* A.Jt__;r rL c-.er_

;A Lt? .tef et' t F tt;.T ,!- C;Y! c,*t-L *U:. kUrf ..r-l .r-x

--JJ F q + rU .:.6; J=a.r t: ,rbl-t dSL. -t lasi.Jd,:--^-o :t j ;f
qr, , - |9 ' t i  ^ l t l  i .J,-bi-- ,b )-r t  -hV*r;- :a.rg.5.1 j l ;E Cbst r ' jd,

.-urlr,r(:-, 
CJ, u.lr : gr J* rtS J* 1Lnl.r

,t'+ ;lr d/-lJt+ t )-*,/,;* 6u&y J3 -,, ,*; c-rq J* ,g; .Sr-
c^|+f, ,J:^:.tt !-rrl ^S"r..t(" Lt-^.r:1lr cSr-- .:!rL. 1l-e i

.JJ-t-r/ ir*-! tSL+e f -ts G.;-r- clasi rl.p_l c..e! LIFS+ rc,_t6t -,1r

S\)l LS,l4; rJl.rrr -, oy l;.*. e-,;;L 1l .f U d=.t _rlt$ 4;las,; )l jy y;bt,;

dJ! iCJ, iJlJr r:L.l"l* fl-ri ig[r L-l.rjJ) r' r,ri5Jr5rl.rL cJt- d,- l ql

.J^: J.6lP ct-)J &)V C-Vsi.Jl*; ../_Ulr S\l-f

ld-r,t oJ -htt

7 - Foltowing Waves 2- Controllability



ttt Glt)jv

*Jr.eu.-.rYsh. g Sf6:f.^r-g f-l

c{2> !sifa,-t, pr+i. l-f-1

Ly.r, .>a-= g.,11.r,--! !- r-"- ,JJIJ,-! (Jp t 6)U-.,; Jq-i .;lri, e, 2a Li-./-Uli

6,)V 6t-d &-i!-l f rl.r,-t- cJl-;tJt r5.;,lrl.r,-!.r,Kr. .-+ .9'-.c,-l

e--lr d-;lcJl- q *<J q.i,-b su7.1V 6s| g:,J;l>1Lrl .r- r:;j ir^-'.J"-f

ra:f -r-, bLLLLLLLLLLLLLLL�i* 6,lr' J J.u*/! "tf I el:rl 
,f\? 6li 4-:1 t17, bi,- 6lJ .-tJ!

ctl(- ;l orLi:-l cl1{ rg-l-,r, 6a1 A-.tltJ jl J+ ;S 6 ,t-l u:-' C.r-* d.rl-!-!

.g! qJrl .Jl- q .:*J-,;U r,.,1:li

t5t^:or:, dJl cJt- ^, tgi c-Jr, J..1,-t-- Ly Li sb,-r:^:5c4- ,S,rl+! dyl

eJ---- bl; .;r J d4U J-err tr c.5f .:Jt-- .lr ,-ra1^d"t,tf-? SS; , .$F'l

.r+.;-t+.r.- o:-,-/ oJ.rl, \'fi.--, ti,3rl.r,-!'eSI .:JL-.;:.rloJ-i o:lr ,r5-L;

,:Sy 4i e tfily, t{-,lo; .r-l Ll ',\r-l fit*. ti ,5- tit;it tl-r^i-;''.,;l

fit*. ,ut-V-* !s a rr-;j,-rr oJ-,b'Y.:1a .grl-r,-Lj 6IIcJt- t) .)Ji $l1i.i

II c.Jl.- r,....iIII .:Jt--.ry J.llF '5r> rJSl c^17.lL" r"^ c32-.:1; r(l c,-l

d.gJl!-! drfIV cJt,-.1rL-i+ : >J'e..rL9.2t7: iL::;l :l e,,-#Je c,+l

,; A-V-7, *,- c-.:f -rolrl, 4:t -d t u:-:S olg o-r.r.b 
"r.:5r- 

dy

.:Jt- l{ i ej p .r .:-; ..li ,-t'-f 4-r' r(1, .:-t 4sl *.:.i7.2r !s

g/!,r-,- e.:-l 6>;.-c iIJ- 4,.-rj c.if .5Lr.9rl-r"-t, {ilry $lJ; ts drt

! r-rL 3 -u-,1lJ.i ,K;f.il J;5.>lAa r5,J1l.r:. 6,1'r;S Fl a3l.r1l cJt- .lr,i

),r+t ,jta t6-,11.r"-L,.i)L- J-:..:-l C-h 4lj.r-r,:,J.r,;l+,1 c-r

.r_;b rc-42 5*-t itJ;5rSb,.:.-:r"

oetF;n, rg{6 6rat.;f!.::.o .|ab r-r-\

11 JF CP tju.o i-'-ell tt (,)t<-) Jt=S a-b g$b t't iy .St+rLl-! $t .-,

1- Straight Line Stabil'rty 2- Directional Stebi|Lff

3- Positional Motion StabilitY

5- Controls Working

1- confrols Fixd



JS s,VJt- t  to .

oa,o'".i tt".,o", J}

I srnnrcxr LtN€ sra8tLrTy

oRrc t f i tL  , r r ^ ,0 r ,  | f
L I T I  P  T X

i l  ornEgl6x4a sra'rLrry
(wrTH CQMP161 STAS|UTY tNo€xEs)

oRrc tx r l  s r1116ay J f

I  orREcnoNAL srABrLrry
(WTTH AEAL S?ASILIY TNOEXESI

tr i l l  tarx,l^r€
orrtcrtotr l3

onrc txAL P l?x  !u l
OIF ' fRENT POSI I ION

flirL tatx. srrE As crtt !

FINAL PAIX IS STRAIGHT BIJI
orsEcnoN cItANGEO

frrrlL trtx. 5rr€
otrfcnon lNo Posrtrox ls

0trctarrL p^tx

I [  posrrrot lL Morrol srABtLtry

J{ rrorclres rNsraNrANEous orsruRsAr{cE

cfg 61t.r,_L sitJ., eit r-1J<J

JrL3 JJI cJL _5r r5.-5, t+, ;rp ,_!t_rt L- "r_, JF t, ab l_j :l-,,i .rt_;yr
;i Ut- {dJl- r) !r.:j-.^^ \_t J.<j -,1) oJ-.l ort: ,.i-L; JFfuL ;i ,;r.rr tes
-rr .g-rf .t-li 16.;1.r,-!rl, ,L,. ("rISc.JL -;r .c-l.9i JF.,al, 6,ta-,;e.-/1;,J,[-i
;:JC | $2,t dL.J;SJ-t- qt5d,,_l 

Jl ,.:*t ,S-$ lLrJr3,r .-.:ti *J
: J U, 6 lrr t c*.1 6;: [-; .] lj tj, | 1gl, lr c_ l.i Jr;S

\:{+J) 6f ,_j:'{.-r' cStl.l_! 6flr r;,|.i J;S;:;f: I r;l:i e [_:rt: "r:-:S"i_
.l 1U.* c.JL- j,-l 1.r .c*l f-t J*, -,1r IV gJl,- ,l 6lc;; o, c,*t .*l I dU
1-r" ;ts!'^r-t r5 J;rl.r, .sJl-L-! g<, .r-r,T s.;,1jr s--cL .-r(sL-lj, ,=,. dt+t-

"'-'t ;t+ tl5.rhJ-q gr-l .l-r,i s-rt 6lls5lo.L.r- ,J!; 1.5t{^|*-r r, rt6ji r9>-9



tot 6$r;u

cfg u,b;629r f-f-\

ljY U:lr'ji JFc+ts 2: u:-:S u)) 
j).t- lgLaa-a;! it *.if-;r.;,!- *,

t",L;;.i)rl- a-f ,t_l_,11 orG -l tt o5$F dy cSr irL.i):L..t5.:*l

..:y .ulr; J*-r C;tG cgLatyL 3,3r- er:- -,r) uS )U;_, A&,J JJ*t
r:L cr.;:. d/-I? jl "*b :t,2j,at LP .:!rt- t: N .rL. -sY sX t1r.i a;lsait j,'

olS 6s.t 9 ;:S +{-f ,,F }--t d,Jl- ,5_ i .ttJ€ ".t U.V s Vr

q l.xs lil 6t+L. ; Lat-,,., tir*- 
.;*l ;jpN 1Y r X y-rt-c.. LSil J. ti ,y.s

: ,l r,;rLe N 1Y r X .-r_l-tt1 .t;_*'l e; .f f 6trr,=c,. jl ..f.:b ctst'

X  =  F ,  ( L t ,  v ,  i t ,  i ,  r p ,  i l t  )

Y  =  F v  ( L t ,  v ,  i t ,  i ,  r l t ,  r l ,  )

N  =  F r l  ( t t ,  v ,  [ t ,  v ,  t p ,  r l ,  )

P S* tSV.tV Jg a1 "i-_q ?-2 L'\il *Sr-.i)rL. r.rr.;1i c,*.r,6ly

.ciL- c-: '-{- d/_l y ily,-l o.?;& !+ Cly Slt )}:i L-.;l o:U--..1 t ..srJ.,rt1

i.-o J (f-t JS.j) x .Ei, jl .-cb Jt S r.,;b,r, .lt-e .rryir. 
3l; Sl_rt )j,4 L-.

(?-?)

xt '.Lh 
6-t; _,, Cb -,,|rL r r.. r.L lu--gxl -u.:L x ,l "r,ol;J> rlri. -,1r ..ri ot -....,

: rrJ..rl,y Jj Jste q Jjli../

r(x) = r(x,) * ax ff . * #+ 
.... + !r'!J!L * .

s:-l o-t^l 
i l-rtr .:r,gt^r;.r e5rx elai;.1.r gbrh.i,:f(X)

6 x =  X -  X r

t

X = X r r ) 6 b ; l n  j r r = { 4
df

..("t,f (vat) iJrL..,1: .ri c;)t 6vlj.r-:t &JS jtS.rt.ut u6x ,t$. Jl
: rl:;;lj o.rLp- -l t:f lsy; irL rsV s,tS ,btr-lai ;l il;u, 1 >y 'rsls;

t (x )= t (x ) t4 ry

(vat)

x = xr iti; r, Cb rlri, :f(x1)

(vb-t)



GS',V Jpt lol

.2rf(x) dl.r Cb d--p t ,F irl* 5,- (Vb-t) iJ>t- rS )-r't o-r"r Y-P J# r:

(Vb-t) iJrL,.r;jrr, -&-tt 6;lt )lrL, e1d,.,1lri- i.r.i .5.;-5L1.:-,lx lti;

.r_r-d o+.U (Va-t) d:t^, rb J*,

o;;tr r- lrL LF rY:x 6la;.2 t:  .r. l-J) Ctt &lr l* \  F,F
c-l y-2 up;

t(x , y) = f(xr , y) + 6, ry 
. u, %L 

(vc-t)

c.r! t+i csitr cst+ly.1l .lrJ.Ja:iJ.o tt si!.+-'5 jt5i.,,l.r;t t !-trdy s6,6

.rrF crt -L,.,1r 6:!; 61b

c.,):L-, Gjl-;ht bty Jt;.-, --t' ,S C* r-r.'i o:l: Sb S 2:bb

6f cSJlJ,-! ,i)J.t d:.-, ;11 rS.:-tr ..iz '>l;s i>-r ,f -f ,SaiS r;f u.

c-! .-<"-t 6^t!bl 6 :-r,l Cb gG." 6r-,g:l.l-! 6lr.7 r.:-l ,6jL

;;ljC c/-lJh .-qt- r-rtSt- "5-ltl..lL; c;i5t l ttJ '5r. c.4.)t J>tr t'J

;l ortj:-l t-i Jt:, 6,lrt .:3-- orLfu-l 2-2 .i)rt-. tSll. tF h-. Jte, J-u .;t

r-l J<J



ror G*t )iu

| ,r: o; j:..,) yj J# +. r;li € (2-f .i)rL, i)Y csi vc-P eJrL,

Y  =  F ,  ( u t ,  v r ,  i t r ,  i r ,  9 r ,  t t )

+ ( v - 0 X + . . . . * ( t -

JrL;.:.Jt- f ,J-F.il,i;^i r.l.f1 c,*l \allUrL;.:Jl- i.u.or ..rL:; t ,-,-.1i Ji,S

-,,1 c.;rLr 'Sr- g.rl-u-! ,-/)J e\ 4sl J:t; c,Jt- 5l"ri il..stJ,S e-L,

ta;i -,11 dr.r+-.! . u = vr = ttt., = {r = O ;,,"ltq rriti r:r.r-, .1r i p;:*. ti rr'zS-tz

ar -p t-tfJ.L_f ljt, P 6f (I::*r ..11U:.xz i^i- t'.;: tr,_r:s -51S

:l-r-- r5 Lr'-l^;S 1r r.-I^Lr d/"1 {.Jl .ly .tolf tt-." tllta -f vr ,.,,-l-llf t$rrr

J5rr. dt;1: .-12 .i-.;r l4i 6bclly AS d-lt jS:) L- J c,-l :j trLi-br;l3y

AY AY
,Jl -,1r dlra r# = 

d., 
= 0,r5*iJr,.r:i Jl i,-1, o-t-: c;J..Jrtrt rU Ur ..-.-* ?

.-#- .j+ J ttls d-f 6si tt 6ptt,:b q -l-r ./S t--l A uy t-1t.iL::.t

Jl i dr -r-: t fJ:*. b I r 6 f J r L; .:J t-.,l r'l"Jtt t ;S Jr L-g . -r,-i; t -t+ lY

Fr(u, , v1 , ur ,i, ,.ltr,rlr) at"t4r-r-Sjl ;ti r'rS>r;rdbY t'sV4f 4lsi

V ,;-- ;S ,>ot l. ,11. s ;"- -AUL? iJrL, -,1r u1 $ .-t-\ -p llta ;;--l1

: .r,L, 7 4 ti o; e.a:.LP iJrL, iy eVCj*orL L '.:-l

(qa-r)

AY+  ( u  -  u r ) -
au

. , .  d y
9r)  -

ot|
(/-.r)

v = ! v * y n * { + *  * o
dv dv dv dv

' 
;tj ':57- ,JlJ ..rt^. t' J-* $y S\ -h ! -u 6ti.-+j c,+ q.,

'. 
)1.4a JrrtJt JtV

9 ! a r * 4 r . j l ' a x  a x "
au dv o, t* 

fr r . 
w 

tl (qD-t)

a N v * 9 f l * ! - v . * , 1
dl dV dtP o,!

,hf k 4.rtn a;1.;l:')r-,,#r # , # ,#.5bd.', jy c,,)r[^'.;r'5
r.iJl!-r: dJt:i; YZ 

'^-i- 
I + trd::si fl lJilrrr rP li -iJh, r:'Jl tJ::"r

x = 4 t t
Au

N = (qc-t)

1- lnitial Equilibrium 2- Surging 3- Yawing



Gltn VJt-t lot

jS b! r..... J<- rJry rrjUr,tBy ,,U. ;-l c,*.1 eat+L. r5,rbLo)

,u r+l xa--e. Je .,;', #, # -" 
#, # . #, # r.r r,L rS,-r jrJa ;r .( c.* |

:F,J..|,,-.tly; eJrL, r,b iJ.:t- #_tl{ .(>Q'a-,;4 ! c*; dJUj

x = # i , * i . { - o u

6 u = u - u t

t,e loo I b9;i djttrro .f-U Atrr 6sfsztzi t'Xc f_f_l

:11r;rLr \SNAME L .y; o_r; rt"g*, .5:lr;l j .^j)\r

* = * ;  .  * = r ,dl) ' av

i l

(qd_r )

4s

A ' =
plz L3

, ,  = ,Lv

\.rl'= i : rp = ( . ;rJ 6J- 6tl o::+-,r t.:lui*., -S-, Slt-J, rr:aa {, J
.i)rL, r 0-2 .i):L, -2r l-i .i):L, cSJUI_b s6e-ytLJ ,.,a" ;r,-l-,11 orf."- .l

:ry -uolt; ls.l-f c "pl 
'r^b 

.s> S4-.iLa:; oKlr-, _)t,SJ- Jh-t

- X u ( u - u r ) + ( A - X r ) t = 0

- Y , v  +  ( A  -  Y ,  n  -  ( y ,  -  A u , )  r  _ y ; i  = 0  ( \ . _ t )

-Nrv - N;,i - N,r + (lr- N) i = 0

iJ.rL,.;r {<JL J) r.Ji.::---r t-*r i. Slt lr (\ ._l c.,)rt-) J1l lJrt- jr .i)\*7 L.o

.,;9r.; oY:L.6c,*.1 .*i-,,,I+lJ^r;) .Ju:...o rlL, -r{cSl-llr .i)\^-.- L l-
rcr-i sff515 )lf ,,,1-lJdr.!;j e t 

L3 V2 i!*:- / .rt-, iJ:t- -1 $ 
t, V, ,rS-+

: r:-ilr f-"lf orU- .lr.;-f dXr.Sll

v ' = Lv

i' = iLz

w

,  l ' r : - J t  -
plz L'

Y', = Y': 
Y'- = Y'

pl? L'V plz L3 V

t- Swq rF - Society of Nailal Architectures and Marine Engineers
2- Dimension



too dlt )iu

N ' v = -  
N v  

,
pl2 L" V

N , , =  &  .  y , . =  Y ; ,  y , i :  Y i

pl2 L4 v pl2 L3 pl2 La

N ' t = - N t  ,  N ' i =  
N t

pl2 L4 pl2 Ls

stk (\ .-P .i)rL.) ;y, d:t- JJI il-? J) -r.{ tti-u .fii .JE ,..r1.1"r t d/-lJq

:  i l

l ' !  ̂  = (  - 1 " ' , ' l t f  t  = N ' , v '
pl2 L3 tf pl2 L3 v

# r= (+ ; "# )=N ' t i '
.sj tlt orLi.:-,l t)-f 6-f d$ -, )r .bir- (surge)JJ,b 67 iJ:l-,;lJl

: .r:r-i .r, c*-r 1.;.',1 .iirL,

-  Y ' rv '  + (A '  -  Y ' r )  i '  -  (Y ' ,  -  A ' )  f '  -  Y ' i i '  =  0

-  N' r  v '  -  N ' r  i '  -  N ' r  f '  +  ( l ' ,  -  N ' ; )  i '  =  0 ( \  \ - t )

\.-f .i)rL- t .ri L5t+jlLri )l ,F- (\ \-t) .:irt- -,2: 
rrrg-;n .i.)\r;l ort6-l

Sll 6 l-rz ',J.->J .ii- (\ \-2) .:).rt- J) ur 
'y:,. 

6 ,-r,-/ o!-) oJ>\! .\:rl

'i= 't '(3;5'iuL::;l

LyU--r ,'>-l utf 6t'oc-."{;l l-r* rl-r.e..,5-Y';-,1lrr, dc.iailJ ;r'-l }Vu.

n.:..,l ;i ,tr; 6 -u -r.ot; o:lr 3,.;'y Y-f-t .L3 .tt) >-r d or-b I 
s:V 7r

./U-i dlJ ;.r) eU) .g-l rjul 
lf l_r* i r:-rr oL: d.- d,,,-l .(,.:-l , c..

.:*l.Ja;r;.1.1, ./S -.rr f lfi 'tJlev j j* r^l;3l Jl=...1r ,.--.+ c!..r:l:

.r-! jULl..:'l e_ti ,t-l Jl- r, 1).rLl isf oJ-i {i|jl 6 ily-. oJ,-J, g,,-l 6

,,b-,1.r.:*l JL, -,r t' ,P; yti jl ;V 6,-r(,1--:-1;.r.a 6ti S{-Jl).-,.).

.lf-. N'; ?i d,r:*a n .(o*l \ . iJ:Lr.,;r Y; v rLry ;-r^,'t+, .f-l J tf oS

.ri-i,! a:-il.: ..r1h;yz i^i-a t' c.-.; r.r-L -St * {.i5 6JJ"LJL.6 )-r-€.J:aU djt+,

.85,J -F t l t  -F N';  sY' i  6VtV

I
I

1- Prime Notation 2- Virtual Mass 3- Added Mass



d. .Sn VJrr t  to l

o,tlJ.J.1:it.6lch., bg1{ A_f_l

rew (>tJ F a,J, d/t . lE-,r) ! \ ' l_p 3 \._p .:)rt^,

dli -t"-! rr g*s S"*,.JkJF! F -,* e*r-n.rSt r.st..r,i c-+J*

\ \-P .1 .i)rt^,
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Criterion Merchant Naval
ships vessels

Roll angle 6o 6o
Pitch angle -  1.5'
Vertical acceleration

(FP) 0.2 e 0.2 s
Vertical acceleration

(at br idge) 0.15 g 0.1 g
Lateral acceleration

(at br idge) 0.12 g 0.1 g
Slarnming lUh 20lh
Deck wetness 3f40/h 30-90/h
Propeller emergence l20lh
Subjective motion

magnitude (SMM) L2 12

Notcs: l. Angle and acccleration values arc single amplitude. root
mean square (RMS).

2. Significant single amplitudes are approximarely double
RMS values shown.

Lfi J-e.-rL..r, .rlr*; Li s S t tu./l-! 
t c.,-,,,'-Lr 1l J.c.. 4 I 1m u 3 m a 6 )V s t

.c--l j....;tr.r(dF]t-a dstt 1 6,>3-.e &./L:J,S di.^,- r.ii:-..^

IYLFE .rijl+ 6i e;l .:*l cr:!r r.l!l 6!ra;*t,..tl.r5rr;...- F-, .1,

LFE JlrL .c*t uS ;f ,)A' rti,nl;; 6- 4rt u.,-f p.;l+ -rt-:, rf

.,.::,-l ol-! 6-5 -htt,rf. .gt."'',S 61J., .7 t09 ! fL:

G;;,f G>IP; rLr-;S 2s €:tf2> fb Y-A

jl U-2r.;: .itSr- 4 1., j$rrtT 4iy '>*3 i s ,52ir,-, d*;.1: rrlrb g-+

:91 L-.,;r g ;:-:S.i6.r- 6).r,. t-ar>t-a J J"tS jdQt &- #, ;r=a;11$u.

;t ,7.h J)J.ite=rr ;^; -r,-t -b tt-f c,rli;..l, rlr;11 l:-.rr 6lra t*2.1fi1 s>i.s

1- Variance 2- Lateral Force Estimator
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Ship design process
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Owners requiremen ts and pre{erences
Speed
Deadweigrh
Cubic capaci ty
Dimensional  constra ints
Slow/medium speed engines
Heavy fuel  or l /d iesel  dr iven auxi l iar ies

S€lection of engine
propellers and shafts

Size boilers, eleclricity
from waste heat

Hul l  form design

Size sea water
pumps and coolers

General arrangement
of  compartments,
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eguipment

Rel iabi l i ty  and cost
@lculat ions

Final  f low
ca lcu latio ns

Validation of design

1

I

L-

u3 -tp yt, r - t ; *



6;-5 u>tp r1*t tfl

dL.r.b .t'_\ ag1:* .ul j-&l:* .J,rU Sr2 ;S ".{:t_r; U- .grs,-r:js

u:--:"5 "t-; rlJ) \:r) .gU.r:s jJ,-,i rttlrS,_r ;t ;S ;nf u-l;S J::L (r-i.t:--

L9 r L..j I c, U tlo, d,r" lJ t+ . $ r I lj Lr- ) J t t -f lt.r,__4 rr::f s; L .-r.-y ti; r -r+ _f
rF+:' 2V 1c..c,r- rui,b tLju;l +rc: F:..-L. J-.b t .-*-.1;-ry el.r+-

eJts- r5.:*l,r:5r--y f 6!lu--_p.e ciLi.',^ ;p; gg66d,ll;).:rJ

dll.<,- q by.l cjrJ;i.r,,9Lrr.+r t-l .J-l.r+

Cost type Description

Capital costs Design costs
Bui lding costs (down payment and

instal lments)
Associated loan repayments and

loan interest
Taxes
Depreciation and profit (considered

for convenience as costs)

Crew expenses (wages, benefits,

_ victualling, training, travel, etc.)
Repair and maintenance
Stores
Insurance
Administration

Voyage costs Fuel
Port charges and light dues
Tugs and pilotage
Canal dues

Cargo expenses Cargo handling
Cargo claims, etc.

d-Uu Cy tt Cr:.+-r g oxl-!;r l-,, E-1U., i-n t-fi .r::5 clrlr +,_l;S ;l,f.at- -r,i;r

ii ;5 6tLr-:l +:'iJ ..rt r csh Jll.rr c.:t &-..r,trJ;t1 l, +Jjl 6rljf u-Vr
l-b.fjl 1.t-! ,:.5.->t-2 6c,*l ,;j ,ylb g,,_l .;*l(RFR) \rf; :rr, L-t5

.ar,../ oet& j$le Jt sD \-l J-r-r+ -l:;L r;fL_r U_ J;-r- .S--1. ^Lh,

Dai,y running
c )sts

1- Required Freight Rate
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G;,:,fG>tPJr.ii'.-hlf f-l-t
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iJ-ef ;;; r-r,-rJiE.;ljti1 \t'er r1*. r;!S 1l lr! -,1: jtapr..-,4.t*t

o,?d))t 
\r,1":, 

uS S.-t Cib ".r- oV)\bl Jl '";"' J-+t<..lr5rt't

4r i3) !: f .i-r, r:.j\:i >-t-r ,.# J '.ri a;tg;ll; Ui-S F -,1r U 'llyr' t'r-iL

6ta.r:5;l jF :tf, .iLc>\.bl A ,-f -Pt le Jt-t- J) .)1,4i e-L*' l.l g*--,2rr; rte,l

tA.r:5f -.,i;r,J1l.r:. -tQ.,-,.s.t&-.r-t,orLi.:-l 6fl.f,6Wst.,1l ' l l-9;.r'ce'L:'
'.c-*l 

r,t o)J u +

Ji- rJt-1 f.--- U -..,l: JrL;-,11 t! ,.ljl q t^:=: l4i rL'l 'S r'r 
i)t 6Ur:5 -\

-Flo *)rr')r-^. jlt;s o.4 J's'r' J*- cei 'St- s ;u;s
.J.u-rL >1.6-f Jlo a3t;b ..,1U

t! ,.lj-13 r-;lr.;L C+- 1': f*t*. 
l"tiJltr,-r:.:S U c) rL''ltrr'^'- 6U;:S -Y

U- t JSrr- J--- .5.- dbtt-r AS iltus IJt' c'-.i '-tJdr.:d dU:?

.6y.Sl- A;tr":5

;t+ rlr i .r>1v dt{ar1l-. ctr,r:.lS Ly u) 9l1 \rp; rt'lt 6br-f -r

rf rillr l, b(:; U-1 Lrcl-rj1 sl t* Jet 6 il'';S 'lu:L -r::'-e .;, ,F

.r:jL ,-..- -bV.:L-l ;l i+-f +!.j:5 D^2i t uaf '>2je Lrl-l tt

:L-11 $-,11: .l-)1J.:rr -h ;A il I st>r "f.- tsu,r::S t J.-*g cVF

.r-::-r! .;? F jW ,El.lr Lr3-;r-;> t- tr.;PK

t'-1. U-lp::J) y' sg Jdjj rJr-r)[ ojJu )l 6i r\rr-l(;lc5'rL-r

1- Similar Ship 2- Dead Weight Carriers

4- Linear Dimension ShtPs

3- CapcitY Canierc
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..Li t t Jb ! J"-1. p ;S ; 7l- 2 1^1i -_r-1.r-., r: L .,,- Q:_ ry _r_ o1){^, 1 x > J r rb_

Q8J*i-rr,; g9l cbt gls; l_f-t

.ibI){J'|.;lr:Li:-lt) -iLi, J* - call,*.,.+-.r;_b.rt .rir i-t-, \rett u-l
J* +rLull ej! 

lt ?-l-r4 6tr.:, ; r:L rr,L!,-ggLr.r::S,l u F o.l; ,g,r2ig,-
rb* l: -h ttr tltrL tol-i ll+f i-f-., - 

e-b .'+t? ;:J,-l;Ui .1.r*S
.r.19i c*-.t, tt ,*S.:Jrf rLr,l j o-,11.r.;l .r,:l*t=l L .tlr;,r, .61;i

!5A+> ?f.'u-b' t t.|tlsbl g;,ri f-f-t

g: 'ilrrLi:-|,ts"/lcyt+.rj.l 
!1t;;; 6lt. e-r ,-b J: ,_r--p ,rs: &.

,r^,-.rt+ (.+- c.l-;;l orU'."-l ;l ;*;rt--e .ri J_: Ffu .c-f 
;ffi1grJ1l.u y:ti. ..:-l "fri*!-:r.r__ e_ F,-*p+ +, "iff,*]

.r:-l cl; o.rl.r ,jr_Lo y_l Jj_g.1:

"rt-t g+.-.:*;11 orLi;-rl \:.b )_;-tr t\g+.--.llri. )l rjl i...,j-l-.,.r_l lt
t;tstil F e 1r it I t.*surr;r.i.r f+- 1.{"ffifg_ I
g ;tl; n )t5.r'-'- rr il oru- 'l u r-r-rL rj) Jr ,,* .*,tts;-q.rq .r;-r

.csl oJ-.3 orlr lL5 f-l J-l.r+ -2r rJ9l.r:, JItj. ))ri \:r_rJ )K,.r;1 ;l f.; ys

r-t tjr.t+

Type of ship Volume
fraction

Ship
density
lTetn?)

General cargo
ReRo
Crude oil tanker

0.50
0.55
0.70

0.65

0.50
0.35
0.75

0.45

Container ship
(including containen on deck)



f lt ,;''l 4zt| S>t,

r-i tj:.tt

Cargo Density (Telm3)

lron ore
Phosphate
Coal
Crude oil
Residual oil
Distil lates
Casoline
Grain (wheat, corn, rye)
Containers (average)

1.90 - 3.50
r . t 2
0.75 - 0.85
0.78 - 0.92
0.94 - 1.00
0.84 - 0.94
0.74
0.6 - 0.75
0.34 - 0.38

f* d-JL gr_l.,r r.r,J -b i l-,10. . . .m3 c-ir.b ! ,-r:<:ir .i- JU. ,sl_f +
L ry r.r lr ;  At j4V d/- lJq, -q 0:;; '  =v\f , ,  ^t J.tJ..r,-!  trr l t .5rr;

y . l t ls . / t411t+ $s e l jg  rJy l  ; ; ;  J f  + . r - ,V\ f  .Xr /V0=0lp. . t

.e-J. -b ,t d./- oO. . .

o.rLii,l :2y u,I-."l.St"f t.;t, J:.ft c,.g .llr;r, rJ:l5 ,3t-l= .lj-l l.lrt O*;
,*,*csbs: 'r3l-,,.r,J11.r:.y-rLi, .t ,r;.i pj^rrB ,f -f .LJ*e-rrfrlS

.(.rr-.t . jLt ?--re,r l  c,*;rLrO" = 
a# ) xlCrt j  ort;- . t  ,r_ri":?

U .:*l At S)M ,l .r:,-rLr tj.)-p o:Liu-l :2et xlj4 I ,S&.tJ:t.t:,tt-e 1*>,t
:y j.o Jj )SA + il;.,_l ls:'o;e-11 orLc-l t, . C" r? ,9 , ,#

o M L

Pw

L _ M V l t o

r =  6 t t s I M - ( | ) . c " 1 , , ,

B = ( + )  r
D = ( + )  r

( \ - q )
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,a- Jlj-o I .., .J Jlri, J tA ot-f i, J5;

tAf+.- t V, !-J+ 
LJ-+, J,-L r-iL;- 6bc*i f+- J i15 :25Tr, ;l u-,

e-,-Li, rJlly-rLL ! -r,--r+ y-rU, .rrJ o.t-t !-+ jt*rt .ljl I r.j \:r!

Ji.hE CIU nJe:l-5;,i 't J.i1-,1 r.:Lj .iy:;l \275 e>y+oi 1-EtJ7
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d,S-. db:r-, J err)J. 17* t-*.61; .-t- ,rst &-.tr C) )J:{.t tr 6b t

..>l *:". cS fl.*,_/ )J.-i_ cr.;...at

l- O.rfrt 2- Maryine 3- Void Space
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Form
parameters

Space req = V,.
Weight - W

v , .  )V
w + A

'First itcrarion only

,s,$ e- J,t, slht lrql r-C J<j
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3-

Minimum Required Freight Rate
Fair

2- Bulbous Bow
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;l r5.:*l ( Ught Ship t-) a.l c;L ir_y' . b*' ,;S 5-- c;L .r,-l.r1l L-;r

L-;" q Lty ;*t otritl ..:*l l.t-- b.rl+l-t ci.e, r..tt;5-,1tf y Lzt 6tae.,--p

rr it .iLcl){ll {+t? .rtj.,_i h,,y* .)rh\pJ 6tt- 6-/ r:.'s.:;L

lj t/-r-lt\ J-rt L-L, t rS:-p, orL,i:-l l-; \ .:"-.,1t5J1l b cl.t Jli't r-r-ib ,,,;r

::.1lr rlj
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iiL uJj, =@ 
W 

L1B+ ilW")+(CW.2t3+dw.o'ss1*1eP"o'82y (y-q)
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-,1r l-,1 ri.i:. 
CJ[i., I J*r- y bXt dbr---p r:ly c.,t'i! rLo;r-:L i |r3, '>*-.3 ,.p

.Jr.,;lry

! P. rSol.i r-t-r.:-;.ri c;r- iJ*"' (; jl .:Li:-l L c.:;1- L-;r

.ti ^+ )^.5 c-;r- L, qJl..:-lr-t-, .!,ti r.;b o-t; -,li:l.i)ia,.JU -l sj-f

*vF .t-S -b r) ,i-! ol-t- rr;

etPF-s J-rr. r-t

L-$ u -v* s-Sc, F a\h \ e :t-r rsp.;--q ..-eJ;;, 6rc-.*.i €yb
: r5-tf-r\, f+ *lt -g:-=- r;l J-;;Le q-t--..- ;,,-l .r3,- Set- u-V 7*

;SLl roL:L;,l Iltz JFl.:,|; J LS;)|. c+ rr.rK- I cr-lJ-o e,-P

tl.,L;^L;

1- Carryette 2- Outtit

.f,ats 64; r' cStt=-.r; erJi .' * . i
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.-oW 6Lrr:-lg t+t lrt,tie yl.i'Jl: JrL; ,S:l-pt.Jr-- gi))t.JL^.JJ

c.tt, SU r?tP Y-f-t

:;l.l.srLr iy i-t" q '[.",Stt ;tel ))l)'

g;Fst- l-f-f-1

tlS -bb l-r.r:l-rtS.;: ):+_f +J3l:ly lV llqJ.Urt-l ;r_f;rr.,1l ort.- -l-r,_! ,1.rt
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1-Oeslgn for Production 2-Through Life Considaratons

3- Desrgn For Maintainabilify 4- Ilnits and Btocks
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5-

1 -

4 -

Corrugated Plate

Seam
Units

Downhand

6,.215')'1a5 Ji-r-,J orl: .!5."! p ! 6 J5lu-;:ly luLr rl-;. y1;uil -\
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3- Butt
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rlMO g \s!^JfO., lgtgt -ff Y-Lt

'F J-_t*, J:r) .i_ il*r rrllJl;,- orLi:-l r-;y g;Lr<.b di : ;;ly
r \ lAY JL b ..rorl,r, Cy-rl , oe;.-, r-:--l 6il; .l.r;J.,1r {SIMO 1,b q Jt .rL;L
\ Yl irtLr:,-L;.rrSl.rar..^, J,-J* ltj a.t JL 0,,_t , E rf ,Jd.Jt i YIMCO 

ltj t IMO

5 ttrS6 )ft . iT C.+, JL;r.P-r (\qq. J1- b).urlr tpoL;L 4-l.st zyS
.tl7;t+,t-p, Jr^5f Y ;t J<-;, ,l-lt-* Ly ,yty d/_t JF

JL;r ,.r-.o-o.;61,rcJ;r ..ti 6brt5r5l r5c,*l p,lL;L ,-i_ IMO

o: 6f-2f r 5 r(MSC) 
.,3lrr r-:-,_t i:*S;l .lu;.,1!, ..t', Lrq.S dr,_l'--W . r r -S C

6t4,rt5-.o ::..5J oir*ly i:JlYla!-r: \-,.:Li[-, i:Js.:*l Lre] cls

il1L -;.r r..b * i tdili O ., s rF s t s dJ,:-:lJ;ff . r1.r- jy;SL- IMO . t.I,;rJr;<;

.r:r|o:F t-p,ai -&_t obpf t $j)i;|trL,r.:L:L-, rjL;r r-,_l
u. l4T 6lral c,J-.:*, rt-r1.;,,f ;l ,;.g :l-r,r; l"-i li+-*+lr;S vU e.r ;l .rl

torr5rl '* J: s* cr:L+ldlr" 6*i s;;l_p .c.*l ,;o 6larr-Si4e
l_rLr:2: IMO ,J-rl cVt_.-t-J ..r5,grL-t t, t+i ,L dt, A-.h;t c.*l ;(-_

:..t-:.-^ -tj jl r IMO )-at;ralg.r,lor-i e_^, y_l Jl-r+ 9 u.--S u))
1. International Maritime Dangerous Goods Code (IMDG) (1965)

2. Code of Safe Practice for Butk Cargoes (1965)

3. code for the construction and Equipment of ships carrying Dangerous

Chemicals in Butk (1971)

4. code of safe Practice for ships carrying Timber Deck cargoes (1973)

5. Code of Safety for Fishermen and Fishing Vessels (1924)

6. code for the construct ion and Equipment of ships carrying Liquif  ied

Gases in Bulk (1975)

1 - lnternational Maritime Organization
2- lnter - governmental Maritime Consultative Organization
3 - Marti me Safety Committee
4 - Marine Environment Protection
6- Technical Co - operation Committee

S-Legal Committee
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7. Code on Noise Levels on Board Ships (1971)

L Code of Safety for Nuclear Merchant Ships (1981)

9. Code of Safety for Special Purpose Ships (198i1)

10. International Bulk Chemicals Code (1983)

11. International Gas Carrier Code (1983)

t-l Jr.ta

I nte rnatio nal c o nv e ntio n Entered into
force

Safety of Life at Sea (SOLAS) 1974 1980
Protocol of 1978 relating to SOLAS 1981
International Regulations for

Preventing Collision at Sea 1972 1977
Prevention of Pollution of the Sea

by Oil 1954 1958
Prevention of Pollution from Ships

i973 and Protocol of 1978
(MARPOL 73nq 1e83

Load Lines 1966 1968
Tonnage Measurement of Ships

1969 1982
Civil Liability for Oil Pollution

Damage 1969 lns
Protocols of. 1976 and 1984 to

Above 1981
Civil Liability in the Field of

Maritime Carriage of Nuclear
Material 1971 t975

Athens Convention Relating to
Carriage of Passengers and their
Luggage by Sea 1974, and
Protocol of 1976

Torremolinos International
Convention for the Safety of
Fishing Vessels 1977

6:f ;;trs f-Lt

-,, l:,+l u. J/.2-e sg\tyS '* ,ytt'r cJJj :J; ! IMO ,-j[Jl ,A 6V:*l-f
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L-; rt". dlf{.--ir..;L t;,.it+;.i$^r : Fi 6ErL; g;ta)15.1,-- ca-.-r-

;tlL;rt , jt_)i ,t sj-h .-irL.or :t s}-J-.,6JsE.;9;}.it+L=lcLr;ly-r

glolr #;,3ly .jL; 6 j ";lt:t J 6fL- 1 6,.,1 6,V;-S ol;=a-; 1jL5L.":5;r

krlt' -rb 1 6,f,-nU 6ta;:S 91r.Jr._* q.Sto-,.rf ig;1U> .5Lr.r:-5irL ,r;

.-rr;lr r3>y

.5L.og;-u,--i; .,J,lJ .1 r:*l 6t--l .,1l.7r tSlSl- cstry' t g:l.,1 Cr=,t-;'l

.c,*l.fbr.t; q5b!f,f J-- : ttSS,-t+; ,hVS r,S)y,r:ti !r.Lit-e', .+:i

.,-J, -r ,lLtt er,: 6l.ar.b;T : dly 6.rL; :l.r-; )Ft J ig .>t',=;;1 .+i !

,,lS u. el.llg 
b r-;b 6!-l -lr+lJ,grU.'; rl"r^; ! F S,- 6 )F"; o-t-:

: rl -r;;.rL-c Lra-L"at.15 ;r_l ;r_;-+. .-r,-[

1. lnternational Load Line Certificate

2. Cargo Ship Safety Construction Certificate

3. Cargo Ship Safety Equipment Certificate

4. Cargo Ship Safety Radiotelegraphy Certificate

5. Passenger Ship Safety Certificate

6. lnternational Oil Pollution Prevention Certificate

7. International Tonnage Certificate

8. Certificate of Registry

9 .  In te rna t iona l  Cer t i f i ca te  o f  F i tness  fo r  the  Car r iage o f  Dangerous

Chemicals in Bulk (Chemical Tankers)

10. International Certificate of Fitness for the Corriage of Liquefied Gases in

Bulk (Gas Carriers)

1  1 .  In te rna t iona l  Po l lu t ion  Prevent ion  Cer t i f  i ca te  fo r  the  Car r iage o f  Nox ious

Liquid Substances in Bulk

fjl.J ut .r(rrJi tt e j-h,-/Ul.* 6b...t'+lrf r jyj 6Loa..t,.^l-S t,s*

.c.*l ;r).* ,-r5lj :ljr a;1.,a(MARPOL) JyJU
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'1. 'Resistance And Propulsion of Ships', by : SV . AA . HARVALD ' John Wiley '

1983.

2 .  ' B a s i c  S h i p  T h e o r y '  ,  V o l  . 1  ,  b y  :  K .  J  .  R A W S O N  A N D  E . C .  T U P P E R  '

Longman,  1983.

3 .  ' B a s i c  S h i p  T h e o r y ' ,  V o l .  2 , b y :  K . J .  R A W S O N  A N D  E . C .  T U P P E R  '

Longman,  1983.

4. 'Principles of Naval Architecture' , Vol 1 , The Society of Naval Architects and

Marine Engineers , 1988.

5. 'Principles of Naval Architecture' , Vol 2 , The Society of Naval Architects and

Marine Engineers .  1988.

6. "Principles of Naval Architecture" ,  Vol 3 ,  The Society of Naval Archrtects and

Marine Engineers ,  1988.

7. "Ship Structural  Design" ,  Owen F. Hughes ,  John Wiley '  1983.

8. "Marine Technology Reference Book" , by : Nina Morgan , 19s0.

9. 'Dictionary of Marine Technology" , by : D/A Taylor

10.'Merchant Ship Stability' , by : Alan Lester , 1985.
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