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Introduction 

This :paper deals in turn with throe points connected wit h drnft 

Regulation 13 of tho Convention: 

1 . Examination of parat;raph 2 and corrclat,cd paracr aph 5 

(Navi0ational conditions); 

2 . Exanination of the conpar ability or r edundoncy of the 

cri toria i n parat;raph · 3 on r.1ininun forward and after draw:,tits 

and raininun displaceucnt (or draught) ; 

3. Assessnent of tho r el ative severity of thos0 two criteria. 

* 
Exar.1ination of the balance of the ship when loaded and in ballast . 

1,, Par a0r aphs 2 and 5 of Reculation 13 r oad as foll ows: 

11 ( 2 ) The capacity of the sc.:;rocatcd ballast t2-11.ks shall be 

s o dotorriined that t he ship nay oper ate safoly on ballast 

voyaGes under weather a.~d sea conditions it nay nornally 
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be cxpcctc:d to encounter he.vine regard to its draui:;ht, 

frooboard, stability ru1d nanocuvrnbility without 

recourse to tho use of oil tanks for water ballast," 

"(5) Where n.illorIJally severe weather conditions render it 

necessary to carry additional water ballast in oil tanks, 

such ballast water shall be processed and disposed of in 

accordance with tho rcquircuents of Reculation 15 of this 

J11mex, and ontry shall be r.1ade in tho Oil Record Book 

referred to in Ret;;ulation 21 of this Annex." 

Tho crucial words in these two pn.ra.craph8 are 11 norr:1ally" and "a.bn.ormc.lly". 

It is clear that in the practical intcrprotat:Lon of tho Convention by various 

adninis-trations, the text so worded will load to differences in its a.ssossuont 

which r:1n.y b0 considurablo. Such distortions connected inovi tably with the 

subjective character of tho words "norually" rind "nbnorr:mlly" (or any 

periphrasis that ono 1.1i0ht be tcnpted to adopt to r.1alrn those words loss 

specific) uust be avoidc;:d, On tho one hand :3uch a rcsul t is contrary to the 

ain of :my intcrn.:itional Convuntion which is unifornity r,'f application and on 

tho other hand it nir.;ht have a. neca.tivG offoct on snf'ety. 

One cxn.11plo will dor.1onstrate the risks involved. The vczy interesting 

study subIJi ttcc. by the Nothcrlands in MP/com~/a/6/Add.l couparos the cri tcria 

proposvd for ballcistcd conditions with tho pmbabili ty ,)f bow er.ior(;cnce in 

.:,;ivcn weather concli tions. It r.1ie,11t soou justifiable to choos0 as a rcforcnco 

point a 10% probability in a sr.:a corrospondinc to a Beaufort Scale ForcE: 5 
wind in th'-' North Atlantic; but otl'wr probn.bili ty values or wind for00s 

(20% probo.bili ty or Force o, for instance) nir;ht bo cqua.11:'l roasonablu. An 

cxnr.,inr.i.tion of ;_;raphs on Su['. conu.i tions in Force 5 a.nu. Fo:rco 8 shows that tho 

corr(..spondinr__; clispl::i.co;.10nts in ballast ar1.: 357~ and 50% for 8. 250,000 tdwt ship. 

'l!ho vury sizo of this difforcntial throws doubt on the crodibili ty of a rulo 

iEplici tly nuthorizinc such divor,::oncfos. 

It ,.do;ht also bo considcl?cd that tho W,)n,thor conditions found on one day 

at uost on a 30-day voya:::c fron Europa to the Porsinn Gulf arc n.bnoina:!., ovwn 

if they n.ro found on n.lnost (;Vo-ry voya~o, and honcc systc::iatically involve tho 

sa1.10 n.r.10unt 0f pollution throuch dirty ballast on ca.ch voyD.i_;o. 
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It 13ceus necossarJ, tho re fore, to adopt o. slic;htly difforont approH.oh to 

tho whole of Rcc;uln;Uon 13 and partfoularly paragraphs 2 and 5. This would 

mean (a) spccifyinc; a convontional scsTcJated ballast capacity ( the level of 

which could be nG:~:otiatod s0 as to correspond to "norno.111 conditions, but 

without m1y rJcntion of that consideration in the text) and (b) spccifyinc what 

should bo dona to a.ny supplor:icntacy ballast r.mdo by the I1a.stcr of tho vessel 

for safety ro.::i.sons, of which ho r.mst rouain tho solo jud[:,·0 at all tiucs. 

2. Pro sent parac;rn.:ph 3 specifics on the one hand a r.1inimum forward d.J.•au[;ht 

and a11 n.doquato after drau,..,l~t and on the other o. r.1ininurJ ( am . .;rac,·u) drau.:_;·ht or 

a L1inii.1UJ.1 displacor.icnt in ba.lh.st conditions, which comes t') tho snuo thing. 

It is easy to denonstrate that those two criteria aro not indcpondont and 

that the nur.ioricoJ. v:ill.los adopted noM d thor that ono is loss strict thnn the 

other and hcmco UBoloss, or thnt th..:; tw,J 2,rc uquiva.lont and he.moo ono is 

redundant. Two n.i,plico,tions 0r this point C\.ro civcn in the Annex, for 

280,000 Md 410,000 dvdt ships re:spcctiv0ly. Those: arc rcp1·osontn.tivc of 

ships currently on ordor, 

Tho first point worth n0tin;; is that cla.ta rofotinrr. to a. forwa.r-d clrnu,:;-ht 

in the bn.llaot conc.litfon (0.025 L) and M 11 adoq,.mto 11 aftvr drauGht (in prn.ctico, 

thi:3 vnc:uo tcm would cqurttc with propeller i1.1norsion of rou~.hly 0,1 D, whor·o 

D is the di.0I.1ctor - cind in any case it would lie botwr:on 0.05 D .md 0,15 D) 

dutorr:iin(.) displaco;.1cnt in the bn.112..Gt condition, nnd nccordincly that tho first 

critoria pr::iposod would dcturnine the second, 

Siuiln:l'lr, forw~ird rtrJd nftur clrnu:~hts Wl:ro wholly ,lotoruinud by tho rc.tio 

of clisplnco1:10nt in tho balln.st conJi tion to clispl.::.co,:K:nt in the loo.dud condition, 

fror.i tho r10r.10nt thu car.::;o I s s1)ccific w.Ji"ht w~is sb,h:d ( which indeed is the 

G.'.1.S<.:, DAJ ships wuru de:1Ji,:.ncd with vo.lucs of tho ortlur of 0,82 to 0.84), 

In pr[l.cticu, for ri vi:,;sscl of c1. ,;iv,:;r1 do2.dwd:;l1t tonnar_;c ( or n c;ivon 

tlisplacvwnt in the lc,:i.dud 0 1.mcli tic,n, the lic:ht wui1;ht 0f the V(.;sswl, directly 

rcbtod to its sizo boinc !:.nown nlr,or::;t L.X.actly once tho dcr:i.dwci.;:,ht fa fixctl), 

nl1ll ,)f o. civ(.;n clispln.c~,ucnt in th(.; balln.st cc:intli tion, the followinc; n.ru lmown: 

( i) the volw:11..: of the car.:;o 

(ii) tho fixed sq;-rc:r:n tcd ballc.st V:-Jlur::e 
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(iii) the position of the contre of ernvity, and the centre of volur.-1e, 

of tho carc;o fror.1 tho olencntary bo.lanco in th0 loaded condition 

with zero trin. 

On the natural assur.1ption1/ that we arc attoi;1pting to build a ship with 

no space:s other than ca,rco or ballast tank spaces, r.)nc0 we know tho voluno of 

tho ballast J . .nd carco spaces and the contra of tho cargo volur.10, wa also r-..now 

tho ccmtro of voltmo of the b~.illast tMks. 

This f.'lcans that tho wcic;ht of a vessel in the ballast crmdi tion is wholly 

dctcrr.1incd, both as to cli splacoLlen t Md trir.1 ( or forward n.nd after drauch ts). 

3. The actual ficuros atto..clicd in Annox show that the choice of a forward 

drn.ucht of 0.025 L nnd an aftor drau[,'ht of about 0.10 D lends to a ballast to 

loaded displacor.H . .mt ratio ,.if a.pproxi1:1.:i.tcly 46% and 45%. 

Thoso findinc;s confirr1 the fi[;uros c;ivcn by Japnn in PCMP/4/23, tho table 

of which is ci vc-n in Annex: the 29 rusul ts lie botwc,m 4 7 ;t;& and 42 •696; with 

tho oxcuption of ono fie,uro of 49,9% ru1d 0nc other of 41.6%, and wi.th tho 

exception of one r.mrkodly different rosul t of 34.'7%, 

Mo1·covcr, a closer look o.t this pn.rticuln.r fic,uro, nnI.1cly 34, 7%, is very 

instru.cti.vc, as it is due to the unusual proportions of thu ship, tho 

477,000 dwt 11 Globtik Tokyo", This vosse:l is short in conpa.riaon with con .. 

ventional ships (in rospcct of which a forward draueht in proportion to the 

ship 1 s lone-th civos a rdativoly low vn.lu0), .:i.nd. which also has a. rolativcly 

sr.1all propeller (with tho result that th0 aft.Jr dl':'1U:~·ht ,.sivcn by tho propeller 

irn:iorcfon criteria is ro la ti vdy sr.10.ll). 

Tho intcrt:stinr; lwsson 0f this particulo.r instance is that it shows thn.t 

tho adoption of e, rot,;u.latLm spccifyinc; a forward dro.ucht proportionl'.,l tci tho 

ship 1s lcnr;th loads to tho construction of a shorter ship than at pr0scnt, 

1/ Howov~r, nn ri.ttcript ni-'_;h1; be 
by placinu tho ballast tanks 
hcvc) a crc2tcr e:ffoct on the 
pr,wic:inc cLi:t,,ty spaco~ aft• 
inrJi&nificant, 

r.111dc: t0 construct a. voseol with nininu.r.t depth, 
further f,)rwa.rd, whore their r.101J0nt would 
forward cl!'au,)1t • and corrvspondinc(ly by 
Tho calculations show tho diff'cronco to be 
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just as the adoption of a rulo spocJfying· an after drau0ht as a function of 

the propeller's diaI.1otor nay load 1;o t1.10 provision of propulsion unl ts in 

which tho propellers arc sr.1a.llcr (:me". faster) than a.t f:oscnt, 

In ordor to avoid those sor.iew'.mt artificial constructions and the 

or.10rgonco of 11 parac;raph tankers", it soeus desirable to adopt tho cri torion 

which providos tho c;rcatost possible doc.,'roe of clcsi[.n froodon: tho ratio 

of ballasted to loaded displacor:icnt ( or of avc·rae;o ballast to loaded draucht) 

soor.1s best to r..wot this roquiror.1cnt. If this criterion wcro accepted, it is 

evident that vory precise rulofl for loadinc conditions woulcl be necessary 

(o,t,;, loa.dina conditions of slop tanks, poalrn, oto. ) • 

• 
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T'£i'2 Ci-' 
:!,\U £:JG 

:Turbine 

:Tur-bine 
I 

123,886 

209,167 

l 
.,·, 

!I j 

256,01.) 

300,00 

15,832 

19,036 

- 6 -

1i) -• 1 •:.: 

A F /\' ' ,\ '" ,, ',. 

1'1:?.,778 

---- -------:----- -: ------:--------·1-----,-----:~---•·--: 
3 :Turbine 231,723 305.00 19,537 26,:;, 205 7 .625, I 11. 1)0 121,100 II 

: : : ------ ---- -------- ---- ----·------- -·-·-. 
4 ;Turbine 252,059 320.00 19,588 209,232 e.ooo I : 11,550 3,550 13n,ooo o.~77 " 

:---·--: ---------:-----:-----
5 :Diesel 94,465 237,05 14,483 112,3tJ6 5,926 7,G65 1,739 I 50,200 I 0,447 

: ---- ---- _____ , _____ ----
6 477,000 360,00 28.00 5'17,302 9,00 11, 86 2.86 189,780 0,'.M7. 

---- --·- --- -----
7 370,000 340,00 22.60 8,50 12.15 3,65 r o.,n ' " 

:---· -: -----,---•-•-:-----
8 21:,,coo 320.00 21.00 312,292 8,00 I 11 , 19 3, 19 • 135,5~0 I 0,,,],! .. . .. . ---~--- -

6,000 8. 160 
I 

:c>. 160 
-- ----- ----- ----- ------ ·------- ------

1 
9 ;r,iesel 91 , 162 2-10.00 14.684 108,322 49,500 

----;--
O,'1'i7 " 

!---:----- ----- ----- ----- -:------ --- --1-----------:---·----•l----1-----1------

256,00 16.~rn 1 ,~~.r,03 
·--'----·--· ---

260. 00 
1 

17, ()JO 

,o :,urbir.c 

11 ; Dicr,l'l 

127,22·1 

111,813 155,359 

9.1q1 i 2,793 
1 

66,1PO O.,~'.i1 u 

. : r -= -
R.<; 110 2.1110 6~,C~1Jl O.t,11~ u 

I I : 
G,500 

---- ----- -----·------ ------ ---·----- -----·--- --··•···-- ---·-- -----
,2 :h,:bine 13 .o::o o,.-,r.r : 

" 
!----;- ---:-------:----- ---- :----··--1------1-•-··-•-- -: ----·--1 --····-1·-- ----1-----
! 13 ;71.;1 bi:ie 237, '.l'l) 3il4,C'O 1 19,iJ'.1'/ 
!-------- ---- 7 ,r.uo 1 1(,1,fl'.i5 3,i-''.>5 r 110,Hfl 1 0,-11') 271,3'}1 

14 " 
: -= -=-w. ~f;3 ~••": ,r;r,3 7 .H~O 

I I - --,- -,--•-•·--: 

1 11.(i,;8 , '.i. J(_l0 1 129, 71.'0 r 0.1,11 1 --- ----- ----- ------ --·----- ·--- ---·---- ------ ----- ----..--- ----
1'> : ;__12!..'.:.:12_; 2 ::r..(1() 

1
_!:l~':.'L.1__.,- .J..:.?1._r~

1 
__ 6:~-:~:l?_

1 
?.~,) : 5~ .. !.L~:!-:~~:-;-----

2,16,OO 15.C31 1;·: 1 639 G.15 0.2'1 2.09 a 55,3(12 0.'1~5 
1 16 W~,3'.A I 

,-----:- :--·· ,---. -·-----,---· 
17 121,453 205.00 15.033 1'12,820 8.45 1.83 I 68,131 I 0o47'l 
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: 
! 18 s Tur'bine I 195,120 298.00 17.836 224,214 I 7.'15 9. 72 227 I 101,631 0.453 I 
! ,--: 1- :·---·-: ,. 
r 19 Hl0,-152 I 22-5.00 I 18,035 208,658 7,13 10.G2 3.?.9 I 98,093 t 0.470 
r ,---: -----I 20 I 222,139 I 313.00 I 19.868 254,850 7.e.2 I 10. 74 2.92 I 113,712 0.4-16 : 
--: : :---: -1 

, ___ , 
21 II 232,339 I 305.00 I 19,50 266,205 I 7.625 I 11,030 I 3,405 I 120,4'11 0,452 , r;.::n:R 

1- ----: ··-•- 1-

22 II I 195,235 298.00 17 ,80 I 22'1,217 7.700 9.465 I 1,765 t 101,572 I 0,453 ,, 
I 1--1 ,. 

23 II I 189,476 I 302.00 I 11 .~o : 220,029 7.550 10,630 3,088 t 109 1 G:J4 t 0, ·199 II ' I 1- 1---1 -1 -! 
24 1 Diesel 1%, 1C9 290,00 : 17 .10 188 1060 7,250 9,602 2,352 ' 87, ,no I 0,463 I orc:/oil I 

25 1 Diesel 157,618 275 .oo I I 17,93 187,022 6.1175 9,501 2,626 I 81,31'1 0,,:3-1 ,, 
I -=· :---: 

26 II I 135,000 I 265,00 : 16.50 I 161,453 I 6,625 8.0iO 2. 185 I 71,391 0,,1,12 II 

I 27 --1-..... --: -: ! 
II 118 ,•i98 260.00 15.50 1'10,265 6.:;ou 8.'/23 2.223 65,5C1 0,'168 v.:::::;:t ! I 

I : _, :--· I 
I 28 " z 124,851 255,00 I 15,47 I 146 1 572 G,375 8,558 2, 183 I 62,474 I 0,.;2G II r 
I I :- -: I -: I r 
r 29 II I 103,929 I 246.00 I 15.00 121,639 6. 150 8.240 ' 2.090 55,450 I 0.456 I II I 
r 
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A ·• BASIC ASSU11PTI0NS SELECTED :FDR THE SttlDY 

1, Two vussels, r0prt:sontinL 11 Gtru1rln.rd11 vossols currently in service or on 
order, wore studiod: 

2. 

•· n.n oil tanker of approximately 280,00C tdwt: L:p11 •••••• 330, 7 r.1 

B • • • • • • • • 51. 8 :.l 

Lon.clod draught , •••••••• 21.8 :1 

•· rm e>il tc.:t'.:or of approximo.tuly ~-10, 000 tdwt: Lpp ••• , •• :550,0: ;] 
70.0. u 
23.0. D 

The displaccuonts in bo.llast 

- for the vossol of 280,000 t 

- for the vossel of 410,000 t 

B •~•••••• 
Loaded draught•••••••• 

condition envisaged Hore: 

40 and 5%6 of the lon.d displacement: 

35 and 50J~ of tho load clisplacer.wnt. 

Theso ballastings roughly roprcscnt tho IMC0 minina 2..t1cl the "nomal" 
values used by vess,::-!ls in service (figures rosul ting fror.1 analyses of ships 1 

registers). 

3, Tho densities and load coofficionts chosen were: 

- for oil•••••••••••••••••••••••••••••••• 0,82 to 98";S of load 

- for ballast water•••••••••••••••••••••• 1,0?.5 to l0CP;6 of load 

4, The "fixed weights", includinz fuel oil, frosh water, oil, provisions, 
crow, etc,, ••• vero taken a.a boing oquo.l rospoctivoly to 8,500 t for tho oil 
tonkor of 280,000 t o.ntl 9,500 t for tho oil tn.nkur of 410,000 t. 

5, It was assur.wd that the vessel in londcd. condition ha.d a zero triu, 

6. There were no volur.10s thc.t were not uso<l oi thor for cro.·c0 or for ballasting, 

B - OIL TANKER OF 280,000 T 

1, ,4,Q6 Scra:egn,tod bal12.St: 

1.1 Assunptions: 

- tho vessel has a depth of approxir:mtcly 30.s n 

• the tip of the propeller is 11 n above baso line 

- licht displaccnont 47,000 t, centre of gravity at 175.2 11 fron the BPF 

• centre of gravity of 11 fixcd weights" (8,500 t) at 296.8 m :ror,1 the BPli1 

3 • total vohinc of cn.rgo plus ballast '1-14, 135 n , contra at 149, 5 m froo 
tho BPF 
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- cargo volune of 340,000 m3 (i.e., a cargo woiBht of 273,224 t) 
- volune of scaTcgatod ballast of 74,135 m3 (i.o., a ballast weight 

of 75,989 t) 
- centre of koel, with ~raught of 22 n (zero triu) at 157,6 m fron the 

BPF (2. j6 of L forward of the nidship soction) for a clisplaceuont 
of 328,724 t 

1,2 The equilibrium conditions with tho ship loaded, zero trim, produce 
a centro of gravity of the ca:rgo situated at 150.2 ra froo tho BPF; i.e.: 

_.........,. ........................ _____ , ___ ..--..-.- __ .. 

Total J28 724 

ccla;/:SP.F 
lI,l) 

157.6 

Moncnt/BPF 

jl 806 902 ~--·-------- ----------~•--·-••....._ .......... -,r---------·-·-· ____ ......, 
Fix0<l wcisi1t 

Light condi t:Lon 

8 500 

47 000 

296.fJ I [ 2 522 8('() 

175.2 
i 

8 234 400 ! . ': --------------.--,-----·---.... --··-----•---...;-.------------....... -·~ Tivua.indor of cmy_;o 27},22~. 150,2 1 41 0,t9 702 • 

1. 3 T&dng· into acccui1·t that tho· total volw.10 available for ca.rc;o and ball~st 
is 414,135 n3 to 149. 5 ,1 fron th;,) BP1'', tho volw:ic r<.naining fo1· ballastag-o 
will have [I, centre .,f c;:r-wit;y :Jf a L:ngth of 146. 3 u in rdation to tlw 
BPP, 2ivon by: 

--·-----·-·-·-·.......__-------_.....,..-..... ................ --------..._.._---- .. --.,- ....... ....,, ____ _ 

_______ , _______________ _ 
Dal 1.::1.st 

Volu:.1c 
(n3) 

41.,1 135 

}40 000 150.2 

I!or i•:mt/BP.F' 

61 9~5 l'.32 

51 068 000 

. ·- _..,........_ __ -... ------·---·-----------------. 
14G,3 10 845 lrJ2 

----...... ~...,._------------·-·-----· --· ---------·----------•' .......--.--........... 
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1. 4 Tho bo.lla.stinG condition will th(,m bo gi vcn by z 

------------• 9 -- ----•---•-.....-.----· _, .......... ----......... ......... ..._. # ♦ I yr et ~•....._,.,... ____ _ 

cc\s/BPI•' I1or.1ont/13PF 
; (n) 1 

.~FT SI ..... --~~....._-----~--------, 

FiJ:od · weit;ht 

Light condition 

Bo.llast 

'I1otal 

8 500 

47 000 

75 9,J8 

131 488 

296.8 

175.2 

1~.6. 3 

2 522 800 

8 2::St1, 400 

11 117 044 

l 21 s14 244 
! 
i 

1. 5 In thusv conditions, tho c~ro.u0'ht n.nd i:;rir.1 in the ballast condition 
m·o 9,5:5 ;·1 and 5,5 r,1 rosp0ctivoly, which 1Jro .. lucos a forward tlrauc-ht of 
6,G0 r.i (bdow tho liuit draU[_,'ht of 330,7 x Ox 025 = 8,27 r,1), thu aftor 
tl.rauc;ht .is 12, ;,O r.1. 

tho fr.::·o boar~l. in loa~1.ctl. condition = 30. 0 - 22 = 8.8 r.1 

II 11 ballast condition= j0.8 - 9.55 = 21.25 m 

2, 1 l,!J8llJP)tions i .............. _ .. ,_. 

· · tho vcssul has a depth of appr,);,:ii::atoly 3~ f.1 

· · tho tip of the: i)ropo1lvr is 11 J.l above tllc, bas;J lino 

· · lic;ht t:ispJ.o.cu1 t-..:nt of ,1-'.·), 000 t, cudr-..: of GJ'.'8.Vi ty at 175 n fro;.,_ tho BP]' 

.. total voluno of cn.re,·o IJlus b:ilJ.a.st 1161. 364 r.i.3 centre. ·at 149. 5 m fror1 
tho BPF 

·· volw1c of carg-r, )40,000 r.? (i.o,, a co..r{J) wd.:;ht 1)f 273,22/f t) 

·· volu;Jt.: of Scci,T•-t·;ak,.1 bdlnGt 121,561 r) (i.o., n bn1le.:,t \tdr;ht 0f 
121,39f.l t) 

·· ce:ntro •>f 1.:oc:l at c.lraught ui' 22 ;, (zc:ro tri11) n.t 157.7 ri .fron tho 
BP].,~ (2.59~ of L forward of i.:i<lahip 8<...,Ction) for a clisplri.cuucnt r)f 

~· 30, 72.~ t 

·· centre of k:00]. J.t n. dra.ucht of 13 i \ ( zcr<) triu) at 15.A. 1.1 fr,:1:-1 th.:., 
BlJF fr,11• n dis})lncurn•nt 1Jf 105,900 t 
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2.2 The cquilibriUI:1 condition, ship loaded, zero trin, produces a 
centro of gravity of the cargo situated at 150,3 m frora BPF; i.o,: 

Wuic;ht cd.::/BPF I Morn.cnt/BPF 

t' -i _(p) • -+----· -----
_1.otal .~...J30 11-;,.. •• 4., .. l~H,LL__ ____ t 5.2 155 11.,5 ___ [ 

Fixed wci.:;ht I 8 500 ' 296,8 I 2 582 800 ! 

Lic;ht condition I 49 000 175.0 8 575 000 
----· ol·r-- I • --·--- 1· ------ --··-·--l 

Ronaindor of car[;~1 27 3 224 i 150, 3 I 41 057 375 i --- _______ ............. ___ .., .. i ••. T ..... - •• ---f---.__.___, _______ , 

2. 3 Ta.kine into acco,mt-, that the total volur.w available for tho car(;O 
and ballast is t1-6l,j64 r.1) to l~.9.5 r:i. fron tho BPF, tho volur1e rcnaininc; 
for ballastinL; will have a centre of ;'._,Ta.vi ty in lene,"th at ltl-7. 3 m 
in relation to tho BPF, c;·ivo11 by: _________ ........... __________ _ 

Tohl 

Carco 

Ballast 

: / .. Vol1:;1.r:1e i ode,~· BPF i Nor.icnt/BPF 
) !nJ~ 1r:i · ·------:!-ed ... --.... +~: -~...........-.--------. _..,......_ __ .. __ ., __ 

.~61 364 

3,10 000 

j l!J.9,5 68 973 910 
51 102 000 

147.;; 17 871 918 . ' --------.---..je: --........................ ~;..-.... .................................. ---·,__.,................__ . ----
2 .~. Tho ballastinc; condition will thus be civon by2 ____________ ............ - ·-------~ .......................... _.~-----·-----

l Weicht j 011,·,/BPF f Mor:wnt/BPF 
i I t' 1 (m) i 

1

1,.--~8 500.. i -~96.s ·--1·----2--5-22 ..... 13----00 ·---F.ixcic.l woichts . -

Light conditj_on ! 19 000 I 175,0 J 8 575 000 

•• B-~ last _j_ }~_3~- I 22?.:.~__j_ ~2_?2.._8.~
1
5.. . • ___ _ 

Total l 181 898 161. 7 I 29 1i21 625 
• ., .. ._ •Mrotetrt ....... ,l.,.........., ................ ........., .......... _............,._...,._. . .......,.,__.l..... .............. ......,....., _______ ., 
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2.5 Under those conditions, tho clrauuht and trim in bc::1.llast condition 
arc 12,8 TJ and. LA,,5 u rospoctivcly, which pro<.luccs a forward draught of 
10.55 1:1 (hie;ticr than tho drau:sht limit of 8.27 r.1). 

Tho after drauc;ht is 15.05 m 

Tho frocboaru. in loaclocl condition= .34 22 ::: 12 n 

i.n ballast condition= 3,1, - 12. 8 = 21~ 2 u 

If we assur.10 o. linear variation of the charactcristfos of the vessel 
in tho area stu(liod, wu find tlla t tho d.isplaccr.wnt in tho ballast 
condition corrcspondinG to a forward. ctrau,_;·ht of 8.27 M is a11proxiuatoly 46%. 

For this oasu~ 

- tho depth of the ship is••••••••••••••••••••••••• 

- tho volunc of soc-rocratcd ballast is•••···•••••••• 

- tho avora:·~·o clra.1.-lt::ht in tho ballast con(.i. tion is.•, 

- thu trim in tho ballast concli tion is ••••••••••••• 

.. tho a.ftor J.raucht i:n thu ba.llast condition is•••• 

.. Ir.lt:lorsion of tho ~oint of tho propeller in 
ballast oonc1i tion • , •••••••••• • •••••••••••••••••• 

.. tho freoboard. in tho loo.dad conc1i tion is • •••••• • 

.. the frc,oboo.rd in tho ballast ,..oncli tion is • ••••• • 

32,0 u approx. 

92,500 n3 a1J1:>rox. 

10. 8 r.i a1)prox. 

5·.o r:1 approx • 

9.8 n approx. 

21.2 m approx. 

It can th-iroforo bo seen that, ::iini)ly by detorninin{; tho Din1□al 
forward dra.ue,'ht, we no.y n.r.rivo at n niniuun voltu:ie of ballastar.:-o 
which, so · • -- o ' , iona of the c0l}j;_:i;.0_<2.l,Jl,'ll.V

0
i tx 

.. ~o v,; c , must n pr,j,,o;.:1,.uxcood 
the r.1inir, of Roi:.,ulat.ion 13. 
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C, ,OIL T!JUCEil OF 410,000 T. 

1. 35% Sca;:cGntcd Ballast: 

1, l Assur.mtions 

- tho vessel has a depth of approxioatcly 31.8 m 

- tho tip of tho propeller is 11 n above tho base line 

- lieht displo.ccnont 67,000 t, ocntro of BTavity at 184 m from BPF 
- toto.1 voluoe of ca.rec pl,~c1 "tla.llo.st 597 956 n.3 contro at 160 o fror.1 BPF. 

- volur.10 of cargo 500,000 n3 (i,c, a Ct),rc;o woit;ht of 401,soo t) 

• volunc of sogI'OGo.tcd ballast 97,956 n3 (i,c, a ballnst weight of 
100,405 t) 

- centre of keel o.t dra.ugh·t of 22.90 n (zero trirJ) at 166,2 rJ fro□ 
BPF (2,5°/o of L forward of midship section) for a displacoocnt of 478,300 t 

- centre of keel at a dro.ught of 9 r.i (zero trio) at 162,8 n froo BPF for a 
displaccnont of 178,600 t, 

1,2 Tho oquilibriun condition, ship lofidod, zero trin, produces n oontr0 
of ~rravity of tho co.rco situated at 159,7 o fron BPF; i,c: 

Wdaht o • d , CJ, /BP}, 

.J 
Moncnt/BPF 

{t) (n) 

-
Tota.l 478 300 166,2 I 79 494 460 

I 
I 

Fixed woia-ht . 9 500 316,5 3 006 750 
Lii;ht condition 67 000 104,0 12 328 000 

- +--
Hcrnindor of cargj. 401 800 159,7 j 64 158 710 

• -· •• - C - - . . 
- $ ·-· 
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1.3 Takincr into account· the f~ct th~t the total voluno available. for the 
carco and ballast is 597,965 n. to 160~0 o fron the BPF, the voluno 
rotmining for ballasting will have a ccntro of crnvi ty in lonc:;th at 161. 5 r.1 
in relation to tho BPF Given by: 

Vol~e 
(o) 

c.d.C,'./BPF 
(ra) 

Total 597 965 160. O 

, Car.go 500 000 159. 7 

! Ballast 97 965 161, 5 

1.4 Tho ballast condition will then be civon bys 

Weicht 
(t) 

: Fixed wcieht 9 500 

• Light 
; condition 67 000 

; Ballast 100 405 

. Total 176 905 

c.a.q./BPF 
(n) 

316, 5 

184.0 
161,5 

178,3 

Mo□cnt/BPF 

95 674 400 

79 850 000 

15 824 400 

Mor:iont/BPF 

3 006 750 

12 328 000 

l6 215 391 

31550141 

---

1,5 Under these conditions, the draUGht a.rid trim in the bo.ll~et oonditions are 
9.10 n and 6,3 o respectively, which produces a forward draucht of 
5,95 n (bolow tho lir1i t draui:,;ht of 8, 75 n). 
Tho n.ftor dro:ueht is• 12,25 n, 
Tho froeboo.rd in tho loo.dod condition = 31.8 - 22,90 • s,.90 r.1. 

ti fl 
t1 " ballast condition• 31,8 - 9.10 • 22,70 r:.1 
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- the ship has a depth of the order of 35 r.1 

the tip of tho propeller is 11 m above tho Jaso lino 

- lieht displacoucnt 69,000 t, centre of cravity at 183.5 □ fror.i the BPF 

- total volur.H3 car.:;o + ballast 657,707 m3, contro at 160.0 r.1 fror:1 the BPF 

- volune of cart'O 500,000 m3 (i.e. a ca:cc;o woic;ht of 401,eoo t) 

- volurJe of sog-rc{_,"8.tcd ballast 157,703 m3 (i. c. a ballast wcicrht of 
161,650 t) 

- centre of koul with a drauc;ht of 23 n (zero trir.1) at 166,2 F.1 froo the 
B:PF (2.55-G of L forwarcl of tho r.1idships section) for a displa.cor.:iont of 
480,300 t 

- centre of kcol with a dra.ugh t of 12. 5 n ( zoro trir.1) at 16 3 n fro,·.1 the 
BPF for a c:isplacor.10nt of 25l, 920 t 

2, 2 Equi 1i briur.1 conditions, with the shi11 load cc:, zero trir.1, lcacl to 
a centre of e,"l'nvity of tlw ca.rgo situatocl o.t 159.7 F.1 fron tho BPF; 
in fact: 

-----------·--·-------------·------------------. 
Total 

Wei.:,·ht 
( t) 

480 300 

CLlr'/BPF 
(□) 

i66,2 

Moment/.BPF 

....... .. . ~ 
79 825 860 !----------+-·-·--·-•-·-·-•-.-------·--•-ta•-·-·-·-----.................... ----· ----·--

Fix.:icl woiaht 

Lie-ht conC..ition 

9 500 
69 000 

.316,5 
183.5 

______ ..........._~ ................... ..;, ... •• T rt •. ..,_ .......... _.,,. I T 

159,7 

3 006 750 
12 661 500 .................... --.---
6,1 157 610 ----·-.... ----· ·-·-·--·· --.. -----·-------· -· __________ ,_.,,..... ........... ---·--··· _______ , __ 
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2,3 Takincr into account tho fact that thc
3
tota.l voluno available 

for th~ carG"O and tho ballast is 666,975 m at 160,0 m from the 
BPF, the volume rocaininc,· for ballastina will have a centre of 
c,-ravity in lone-th at 160,9 Jl in relation tci the BPF civon by: 

Mal -- z~~:7-r- :::;~ ~:·::~:o I 
,..._c_a_r_co ______ s_o_o,_00_0 ___ 1_5_9_. 1 ______ ._1_9_e_5_·0_ .. o_o_o __ ~ 
I Balla.st 157 707 160. 9 25 383 120 \I 

2.4 The ballast condition will then be civcn by: 

--------------------------------W( ~jnt . ct~~Bi'F Moraont/:BPF 
1 --------·-----·..-----------! Fixed woi:rht t 9 500 316, 5 3 006 750 

Licht condition 69 000 183,5 12 661 500 

! Balla.st 161 650 160,9 26 009 485 _______________ ,....,_, _____ ~ __ .. ______ __,. 

Total 240 150 173.5 41 677 735 

2,5 In those ·conditions, the tlra'U[;ht and trim in the ballast condition 
are 12.l n and 4,5 n rospoctively, which loads to a forward dra.UJht of 
9,85 r.t (G'Taator than tho mximw:1 draUi.,'"'ilt 0£ 8, 75 1:1) 

Tho a.ftor clral.l(;ht is 14,35 n 

Tho froeboard {loaded) = 35 - 23 = 12 r:i 
11 " (ballast 

.condition)• 35 • 12.1 = 22,9 □ 



MJ? / COlfF / C. 2/\vf'. 9 
ANNEX 
Po.c;·c 10 

Ballnstinr; c;ivin,, a forward dra.ur,ht _of 2. 5% L: 

If onu assuncs a linear variation of tho characteristics of tho ship in tho 
zone studied, one finds that the displacer.ient in the ballast condition 
corresponding to a forward draueht of 8, 75 r.1 is about 45°!6: .. . . . . 

]'or this case: 

- the dopth of the ship is••••••••••••••••••••••'•• 

- the volume of the seCTeeo.tcd ballast is•••••••••• 

- the avera{!O draught in the ballast condition••••• 

- the trim in the ballast condition•••••••••••••••• 
- tho after drausht.in tho ballast condition ••••••• 
,. it1r.1crsion of the point of tho propeller 

in tho ballast condition••••••••••••••••••••••• 

tho frooboard in tho loaded condition•••••••••••• 

- the freoboard in the ballast condition••••••••••• 

34.0 r.1 approx. 

137 ,000 □ 3 approx. 

11. 2 r.1 o..pprox-. 

4,9 r.i approx. 

13.65 r.i approx, 

2,65 r.i approx. 

11,0 n approx. 

22,8 m approx. 

In this case too, by takin6 into consideration tho contra of i:;rnvity, tho 
volunc and the stability of the ship only, it cn.n be seen that tho sinclc datun 
of tho forwa1.'d draucht dcturninus a □inimur.1 volur:ie of ballast which satisfies 
all the roquirc□cnte of Ilo&"lllation 13. 

D, POSSIBL).:: liED'{!q':!,1ION OF THE NECESSAHY PEilC_ENTAGE 

1. It has boon assunod above that the volur.to of carco ar,d ballast was conplctoly 
utilized and one then perceives th~t, in order to onsuro tho condition of zero trio 
in tho loaded condition, the ca.r(ro takes up a part of available volume, controd 
in such n .,,o.y that tho volur:w rc□aininc for ballastin{J cannot bo brouc-ht forward 
sufficiently to roduco tho trin, 

2. SottinCT a.side a rio the case in which bnllast tanks "oxtorior11 to the 
tank space wore avaHablc for exa□plo: ballast tanks forward on tho upper 
dock, which would reduce the visibility forward of tho bow), one can, nevflrthdess, 
suppose that, if an oxcoau voluno is available in thv tank space, it is possible 
both to reduce tho displo.co□ont in the ballast condition and to have a suffici~nt 
forward drn.ucht, 
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3. r~or n. 410 ,ooo t ship, tho workinc hypotheses would b~ as follows: 

- forwurd draU[;ht to be obtainvd: 8,75 D 

- after draueht for a. propeller i1mnersion of rour.;hly O ,1 D (:.n) : 12 ,o r.i 

This case corresponds to a displacement of 205,000 t ( or /, ~G of tho loaded 
displaccmont) and too. centre of keel situated 171,7 m from the BPF. 

4. Assuming that it is desired to take advantage of this slight improvement in 
tho displri.concnt ro.. tio (as shown in ( 3), thcorctical3y this woulcl be t1,5JG), what wG 
would need would bo a ballastinc volume of 123,;1,14 1:1· centred 154,4 m from the BP]', 

Weicht ! c,d,g,/BPF Momcnt/BP11 
. Ct) I \m) · 
' ' . ,.... ... ....,,_..__,, ___ _.,_._,._.~....,._, .•• ~ ....... -4 ............. ...........,,,, __ .. _4 ........ ·-· ............. _.._..,_..--.it 

: Total ) 205 000 l 171. 7 ! 35 198 500 l 
~ ... - .... ________ .,_ _______ . ·• ----- ... ~--·-···--· .. · .. ---,.-•-·"'"'·· ... ·•·--...-••· ... ··•--·~----.-.·-•-- -·-----··----...i 
; Fixed Wc_Gh c · 9 500 ! 316. 5 ! 3 006 750 I 
1 · i 1 I 
; Light concition · 69 000 I 183,5 i 12 6Gl 500 l 

~ ----·--·- -~---· •· -· .. ...1 ... .. ·-· ..••...•.. ··- ·· j · .............. -l 
L~1~~~~--- -···~ _J ____ 1.~~ ~°.o·~-~J~••A~-····-~-~i.'.4 .. ·-- ·--··\· .. 1:. :}~ ~-5·o···J 

5. Let us now n.ssmJo tllnt tho ccntro of cravity of the "tank" volunc 
( cnreo + ballast ➔• e.vo,ilo.blc spc..co) is nlwa.ys 160 m frou the PPAV o.nd thnt the 
trmk apo.ces f.'..rc pa.1·e.lleJ.epipedioa.l and pla.oed 295 m and 25 m from the BPF. 

The- voluwo of o. co.rco with its contr0 15S', 7 n from tho 13:el~ r.1ay for n.11 
practical purposes be trcn.tccl as buin,3' tho contro of tho t:ml:, and r.s a first 
npproxination, wo LiU.Y express this by so.yinc tho.t tho centre of crr:wity of the 
o.vailablo spa.c<:l should be si tUE,tca. 289.!;. 1:1 fron the BPF', 

'11ho lcnctll of th,J spc.,9.u r,vr.iJ.n.blo is 11, 2 r.1, which corruspon,'s t0 n.n 
Ul1US1",blu vol~uo of 5,31~1 r./, tivin:; G 7 t(Jtr,l voltt":1., of bo.llo..st •:• unusn.bk sp[1.CC 

of 120,755 r.1· connar:::<~. with 13'/ 1000 r:/founl1 in C,3. 

It can he: 000l'. th::: t tho Jcin in volm10 ia vcr:• alir,ht n.n,1 woulr.1 bu r.;:clucod 
still fur Gh;.r if n r.,ol't; s,)VL:ru critc1~ion ns J'.\;{)lr,ls t!10 L.n()rsion of th0 11oint 
o.t' fa,_. propull<Jl' hri.d 'uucn ch0son ( o. 2 JJ fo:,~ oxn.uplo) • 

............................. 


