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kN THE COMMANDANT OF THE UNITED STATES COAST GUARD

A \\ % WASHINGTON 20590

i 11 April 197%

|

f TO UNITED STATES MARITIME INTERESTS:

P . SUBDIVISION AND STABILITY OF PASSENGER VESSELS
v The documents attached concern a new equivalent systenr
\ of international regulations on the subdivision of passenger

ships, adopted in November 1973 by the Assembly of the Inter-
governmental Maritime Consultative Organization (IMCO). These
nev regulations ere considered arn elternstive tc the provisions
of the 1960 Convention on the Safety of Life at Sea.

. . This system of regulations is the result of 12 years of

’ study internationelly by the IMCO Subcommittee on Subdivision
and Stability, in which some 20 countries perticipated. Based
on probability principles, this new system focusses directly
upon the ability of a ship to survive damage. It imposes
fewer constraints upon design and will permit the Coast Guard
as the U. S. maritime sefety agency to be responsive to novel
N | hull arrangements.

The text attached and the explanatory notes I commend to
. your attention in the interest of Maritime Safety. A profes-
: sional paper now under development for possible presentation
to the Society of Naval Architects and Marine Engineers will

develop in greater detail the application of these new rules.

Toward our cormon goel of safety et sesz,

%Y

C. R\ BENDER
Admiral, U. S. Coast Guard
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ASSEMBLY — 8th session S 10 December 1973
Agenda item 10 Original: ENGLISH
IMCO .
] RESOLUTION A.265(VIII) RECEIVEp—— ~
adopted on 20 November 1973 UAR.

REGULATIONS ON SUBDIVISION AND STABILITY MAR 1o By
PASSENGER SHIPS AS EQUIVALENT TO PART B
CHAPTER 11 OF THE INTERNATIONAL CONVENTI

FOR THE SAFETY OF LIFE AT SEA, 1960

!

Washington, p
4-41.4\'/

NOTING Article 16(i) of the Convention on the Inter-Governmental Maritime Consultative Organization
concerning the functions of the Assembly, .

THE ASSEMBLY,

NOTING ALSO Recommendation 6 of the International Conference on Safety of Life at Sea, 1960,

S lgéiéleNG IN MIND Regulation § of Chapter | of the Intemnational Convention fos the Safety of Life at
“ $ ]

HAVING CONSIDERED the Recommendation of the Maritime Safety Committee at its twenty-seventh
session on the adoption of Regulations on Subdivision and Stability of Passenger Ships as an equivalent to
Part B of Chapter 11 of that Convention and consequential changes to other Parts of that Chapter, as well as
explanatory notes to the aforementioned Regulations prepared by the Sub-Committee on Suvdivision and
Stability, which have been circulated to govemments in MSC/Cizc.153 for guidance and information,

RECOMMENDS that governments concemned accept the total application of the Regulations on
Subdivision and Stability of Passenger Ships set out in the Annex to this Resolution as being equivalent to and
Ltfotal asletemagtisvg to the provisions of Part B of Chapter [l of the International Convention for the Safety of

ife at Sea, 1960,

INVITES governments, through the Organization, to exchange information on the action taken in this
respect,

RECOMMENDS that govemments, through the Organization, should exchange experience gained as a
::ult of using these Regulations, particulatly in regard to the use of such relaxations which are permitted by
gulation 2 d),

REQUESTS the Maritime Safety Committee to consider comments submitted as a result of the application
of these Regulations with 3 view to practical evaluation of the Regulations and determining their suitability and
related necessary changes to Chapter I of that Convention, as amendments to that Chapter.

ANNEX

REGULATIONS NN SUBDIVISION AND STABILITY OF
PASSENGER SHIF_ AS AN EQUIVALENT TO PART B OF
CHAPTER 11 OF THE INTERNATIONAL CONVENTION
FOR THE SAFETY OF LIFE AT SEA, 1960

1. _The Regulations hereunder constitute an equivalent to and a total alternative to the requirements of -~ ;
Part B of Chapter 11 of the international Convention for the Safety of Life at Ses, 1960 for passenger ships. z
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: 2. Inapplying these equivalent Regulations the following should he observed tur uther Parts of Chaprer 11
. of that Convention:
3'. : Part A Regulation 1(d) and Revulanion 2 are not appheable.
L Parts C.Fand H B}
) In Regulations 25(a). 37(b). 68(a). 94(1). Y6(b), 99(a). (b) and (¢} and 108 the term “bulkhead
deck™ is to be replaced by the term “relevant bulkhead deck™ as defined in Regulation ite) of
i the equivalent Regulations. .
- 3. The tollowing references to Regulations refare solely 10 the Regulations of this Equivalent.
» Regulation | ~ Definitions
For the purpose ot these Regulations. unless expressly provided otherwise:
:j {a) (1 Asubdivision loadline™ is a waterline used in determining the subdivision ot the ship: and
3 tiny  the “deepest subdivision loadline™ is the wateiline which corresponds to the greatest draught
3 permitted by the subdivision requirements which are applicable.
A’ ) ,
- th)  the “subdivision length of the ship™ (L) 1s the extreme moulded length of that part of the ship helow
g the immersion limit line,
o
-, tcd)  “midlength™ is the midpoint of the subdivision length of the ship (L,).
::;- td) (i) the “breadth™ (B, ) is the extreme moulded hreadth of the ship at midlength at or below the
" deepest subdivision loadline:
(1) the “breadth” (B;) is the extreme moulded breadth of the ship at midlength at the relevant
o bulkhead deck.
"':'; te)  The “relevant bulkhead deck™ is the uppermost deck which. together with the watertight bulkheads
" honnding the extent of flouding under consideranton and the shell or the ship. defines the linut ot
.;-3 watertight integnity in the 1londed condition.
. (1 The“immersion limit line™ at any point in L is detined by the inghest relevant hulkheuad deck ai vide
o at that puim.
3 tg)  The “draught” (d;) is the vertical distance from the moulded hase ine at midlength to the waterline 1n
- question.
..- 1)  The “subdivision draught” (d_) 15 the draught up to the subdivision loadline in question.'

1) The “lizhrest service draught™ 1d ) s the service draught corresponding to the lightest anticipated
& jvading and associated tankage. including. however, such hallast as may be necessary for stabihity

: and/or immersion.

o tiii)  Intermediate draughts hetween d, and J,, are:

-': dy =4, - g(d‘ -d,) '

. d: =d, 4, - dy)

]

i d; =d, - {'(d‘ -d,)

0N : .

! ::1 . (hy  The “eftective mean damage freeboard” (F, ) is equal to the projected area of that part of the ship taken in

the upright position between the relevant bulkhead deck und the damage wuterline and between | L, forward
and abuft the nudlength divided by 2L . In making this calculation no part of the area which is more than

A, 0.2B, above the damage waterline shall he included. However. if there are stairways or other openings in

. the bulkheuad deck through which senuus downflooding could occur F, shall be taken as not more than

. (B, tang g;). where 8, is the angle at which such openings would be immersed.

I_.(

- 1) The “*permeability” () of a space 1s the proportion of the immersed volume of that space which can he

Q"‘.. uccupied by water.

. @t eT e WAl e N .
- e e ] - . Ve L - . . -
& s’ a P Py --l’..-‘..;. P WV Y VEAR W WU G QU N WS PY W )




- - — T
Saiatn ot mad ) nie A e ~te S St tn e i Jivin i I M S ik XTI TR T il
ot . SV T et . B ~ R s O P AR .

.3. A V11, Res.265

Regulation 2 ~ Subdivision Index

(3)  To provide for buoyancy and stability after collision or other damage. ships shall have sufficient intact
stability zg be as efficiently subdivided as is possible having regard to the nature of the service for which they
are intended.

(b) The subdivision of a ship is considered sufficient if:

(i} the suability of the ship in damaged condition meeis the requirements of Regulation 5; and

(ii) the attained Subdivision Index A according to Regulations 6 and 7 is not less than the required
Subdivision Index R calculated in accordance with paragraph (c) of this Regulation.

(¢) The degree of subdivision is determined by the required Subdivision Index R. as follows:

.1 1000 :
R=1 - enN+iso0 (0 feet)

R=1 1000

- m . (in metses)

Where:
’ N=N 1 * 2N1
N;= number of persons for whom life-boats are provided.

Ng= n}:mber of persons (including officers and crew) that the ship is permitted to carry in excess
of N;.

(d)  Where the conditions of service are such that complisnce with paragraph (b) of this Regulation on the
basis of N = N; + 2N, is impracticable and where the Administration considers that a suitably reduced degree of
hazard exists. a lesser value of N may be taken but in no case Jess than N=N, +N,.

Regulstion 3 — Special Rules concerning Subdivision

(a) In ships 330 feet (or 100 metres) in length and upwards the watertight transverse bulkhead next abafi the
torepeak bulkhead shall be located so that the s-value, as defined in Regulation 6(a), for a combination of the
forepeak and adjacent compartment, calculsted by formulae (VIil) and (1X) shall not be less than 1.0. However.
in no case shall the distance between the forepeak bulkhead and the next bulkhead be less than the longitudinal
extent cf damage specified in Regulation 5(bXi).

(0) A watertight transverse bulkhead may be recessed provided that all parts of the recess he inboard of
vertical surfaces on both sides of the ship, situated at a distance of 0.2B, from the ship’s side. and measured at
right angles to the centreline at the level of the subdivision loadline. Any part of a recess which lies outside
these limits shall be dealt with as a step, as provided in Regulation 5(b)Xi).

Regulation 4 — Permesbility

(a)  For the purpose of the subdivision and damage stability calculations of Regulations 5, 6 and 7 the
permeability of each space or part of a space subject to flooding either during any intermediate stage or in the
final stage of flooding shall be as follows:

Spaces Permeability (1)
Appropriated as accommodation for passengers and crew,

or other spaces not specifically hereindesignated .................. 0.95
Appropriated formachinery ...........ooiiiiiiiieiiiiiiiin 0.85
Normally occupied by stores . ...........ccviieiranreeaienonnss 0.60
intended for consumable liquids ... ......... ...t 0.00 or 0.95*

® whichever results in the more severe requirement.
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tby  The permeability u of any space appropriated for cargo shall be assumed to vary with the draught
in2ture damage in such a way that for any initial draught d; the permeability u; of any cargo space shall be
ken as:

1.2d, - d,)  0.05(d, - dy)
d, d, - d,) -

M, = 1.000 -

but not more than 0.93 nor less than 0.60.

1} I the ship’s arrangement or service are such that the use of other permeabilities resulting 1n more severe
ivdinrements is logical the use of uther permeabilities may be required by the Administration.

Regulation § - Subdivision and Damage Stability

+.) Sulficient intact siakality shall be provided in all service conditions so as to enable the ship to comply witk:
the provisions ot this Regulation, Betore certification of the ship the Administration shall be satistied that the
«eamped intact stability can practicably be obtained in service.

“» (1) All shaps shall be so designed as to comply with the provisions of this Regulation in the event ol
tlooding Jue 1o one side dJamage with a penetration of 0.2B, from the ship’s side st right angles to
the centreline at the level of the subdivision loadline and 1 longitudinal extent of 9.8 feet
1 3.00 meties) + O.03L, or 36 feet (11 metres) whichever is the less. occurring anywhere n the
ship’s length. but nut including a transverse bulkhead. However, where a bulkhead is stepped 1t shall
be assuined as subject to damage.

1i1)  Ships for which N is more than 600 shall additionally be able to comply with this Regulation in the
cvent ul tlooding, due 1o side damage including transverse bulkhesds occurring anywhere within 4
fengtl- equal 1o ( ‘3‘0 - 1.00)L,, measured {rom the forward terminal of L. where N is as detined
i Regulation 2(c) and (d). The value of FEU — 1.00) shall not be more than one.

w1 In any calcufation required under this paragraph the damage shall be assumed to extend trom the
hase line upwards without limit. However, if flooding due to a lesser extent of damage either
vertically. transversely or longitudinally resuits in a higher necessary intact metacentric height. such
a tasser extent of damage shail be sssumed In all cases, however. only one breach in the hull and
only une tree surface need be assumed. For the purpose of assessing heel priur to equalization the
bulkhieads and deck buunding refrigerated spaces and uther decks or inner divisions which in the
opiion ol the Administration are likely to remain sutficiently watertight after damage. shall be
regarded as limiung flooding. Otherwise, flooding shall be assumed as limited only by undamaged
watertight structural divisions.

et (1) In the tinal stage of tlooding:

(1) teere shall be a positive metacentric height. GM, calculated by the constant displacement
method and tor the ship in upnight condition. of at least

2
GM = 0.003 .BLM ot

BE,

GM = 0040 %' (in feet)
1}

GM = Q.18 :—’ (in metres) or
i

GM = 2 inches (0.05 m) whichever is the greater

Where & = displacement of the ship in the undamaged condition (in long tons or
metric tons respectively),

(2)  the sngle uf heel in the case of one compartment flooding shall not exceed 7 degrees. For the
sunultaneuus llooding of two or more adjacent compartments a heel of 12 degrees may be
permitted uniess the Administration considers a lesser heel necessary to ensure an adequate
amount and range of residual stabulity:
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(3) except in way of the flooded compartment or compartments no part of the relevant bulkhead
deck at side shall be immersed.

(i) Unsymmetnical flooding shall be kept to 2 minimum consisten: with efficient arrangements. If any
equalizing arrangements are necessary 1o ensure that the angle of heel in the final stage of flooding
does not exceed the limits specified in sub-paragraphs (iX2) and (3) of thus paragraph. these
arrangements shall, where practicable, be self-acting. However. if controls are necessary. they shall
be operable from above the highest relevant bulkhead deck. All such arrangements shall be
acceptable 10 the Administration.

(iii) The Administration shall he satisfied that stability prior to equalization is sufiicient. However. in no
case shall the maximum heel before equalization exceed 20 degrees nor shall it result in progressive
- - flooding. Additionally, the time for equalization of cross-connected spaces 1o at least the limts
specified in sub-paragraphs (iX2) and (3) of this paragraph shall not exceed ten minutes.

(iv) The Administration shall be satisfied that the residual stability is sufficient during intermediate
flooding and that progressive flooding will not take place. Calculations relative thereto shall be in
accordance with the provisions of sub-paragraph (b)(iii) of this Regulation, respecting the assumed
extent of damage and resulting extent of flooding. Heel during intermediate flooding due either to
r:egative metacentric height alone or in combination with unsymmetrical flooding shall not excecd
20 degrees. .

(d) Damage stability calculations performed in compliance with this Regulation shall be such as to take
account of the form and the design characteristics of the ship and the arrangements, configuration and probable
contents of the compartments considered to be flooded. In making calculations for heel prior to equalization
and for equalizatior time, the flooding of that portion of the ship opened to the sea shall be assumed 10 be
completed prior to commencement of equalization. For each initial draught condition the ship shall be at the
most unfavourable intact service trim anticipated at that draught having regard to the influence of the trim on
the freeboard in the flooded condition.

{e)  The intact metacentric height, and corresponding vertical centre of gravity, necessary (o provide
compliance with the requirements specified in paragraphs (b) and (c) of this Regulation shall be determined for
the operating range of draughts between d, and d,,. If (d,~d, ) does not exceed 0.1 d,, damage stability
calculations may be made oniy for d; and d,,, and the intermediate values may be obtained by linear interpola-
dion. 15 (d ~d, Jexceeds 0.1 d,. damage stability calculations shall also be made for at least one additional
intermediate draught. However, in all cases where there are vertical discontinuities in permeabilities or in free
surfaces which may result in discontinuities in the necessary intact metacentric height, damage stability
calculations shall be made for the corresponding draughts in order 1o define such discontinuities.

Regulation 6 — Attained Subdivision Index A

{a) (i) Inaddition to complying with Regulation $ the attained Subdivision Index A shall be determmed
for the ship by formula (11):

AZTaps ..o (I

Where:

*“2" accounts for the probability of damage as related to the position of the compartment in the
- ship’s length,

*p" evaluates the effect of the variation in longitudinal extent of damage on the probability that
only the compartment or group of compartments under consideration may be flooded. and

*'s™ evaluates the effect of freeboard, stability and heel in the final flooded condition for the
compartment or group of compartments under consideration.

(ii) The summation indicated by formula (I1) is taken over the ship’s length for each compartment
taken singly. To the extent that the related buoyancy and stability in the final condition of flooding
are such that “'s” is more than zero, the summation is also taken for all possible pairs of adjacent
corfipartments, and may be taken for all possible groups of a higher number of adjacent compart.
ments if it is found that such inclusion contributes to the value of the attained Subdivision Index A.

(iii) Whersever wing compartments are fitted and where the assumed damage used in the damage stability
calculations according to Regulation 5 forming the basis for the *'s” calculation does not result in
flooding of the associated inboard spaces, **p™* shall be multiplied by “r” as determined in
Regulation 7(b).
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tb)  The tactor "a" in formulas (1) shall be determuned for esch compariment and for each group of
compartmern;is by formula (11

u‘O.J[l#E,#i,-rEu] ...................... ai

Where
X

i, = E’ i X, is equal to or less than U 5L,
and otherwise
E; =3

X,
E’ if X, is equal 10 or less than .51,

-
v B

and vthermise

f=0

(¥ 1

X, + %X,
o ®
L,
and otherwise

£.=10

£ if x., +X; isequal toorless than L

snd where.

X, = the distance from the aft terminal o1 L. 1o the a:t end of the considered compartmeri or
Sfudp Of adiacent compartments:

%1 = ke distance from the aft termungi c! L to e turward end of the considered compartnent or
£roup Of adjacent compariments.

t..r purposes of this paragraph and of parugrapt: 101 of this Regulation. with respect 1o the lengin
ol SNy compartment or groups of compariments under consideration. where one or both uf the
Lauting bulkheads have steps. the forward and atter ends uf the considered compartment or group
of compartments shall be taken at the portion: of the bSulkh2ads which are nearest 10 each ather.

a1or P an rormula (1D shall be determined for each vompartment and for each group o1
sy by otarmulae (1V) - (VD).

(v In general, “p™ shail be-

peW EMG)’ -6.20 (%)’ for & equai 1o

0.24 o1 less

-nd utherwise. (v

na“I ++ £ _ 0.0 l
f |()..x 0.086
Where

- - - —

{ = the length of Lompartment of group ui compartments as defined in paragraph (b of thus
Regulation

Waluand AsL, for L =055 teet 1 20U metres) ot less

a3 rrerwise.

» 't,ii;s'sz_.s and A = 655 (for L, in reen)

and A = 200 (for L, in metrest
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(1) Toevaluate “p™ for compartments taken singly. formulae (1V) are applied directly.

(iii) To evaluate the p” values attributable 10 groups of compartments. the following supplementary
nomenclature and formulae apply:
2,.8,.9;, . etc. are the lengths of compartments taken singly
£43. R33. L34, e1¢. are the lengths of pairs of adjacent compartments
Q423. K334, 1. are the lengths of groups of three adjacent compartments
241234, €1c. is the length of a group of four adjacent compartments

P1.P2. Pa. Pa. tc. are p calculated by formulae (1V)
using K. &3, Q3. B, etc. as £,

Piz- P13» P3e- etc. are p calculated using €;3. (33, €54. €tc. as €.
P123- Paae. 1. are p calculated using €23, £234. €tc. as £.
Pi21a, e1c. is p calculated using £,334. etc. as £.

For compartments taken by pairs.
P=Puz—py—p:or )
P=pP - p: - Py elc

For compartments taken by groups of three,

P=Pizs —Pua ~ P *pP2.0r )

- EERBR IR RS TR ) (V1)

"'f P = P23a — P23 ~ Pae * Py, elC. )

i For compartments taken by groups of four,

. P= Pi23a — P1as —Puse *Pu3.€IC ...l (Vi)

N (d) The factor “*s™ in formula (11) shall be determined for the final stage of flooding for each compartment and

for each group of compartments by formulae (V1i1) and (1X).

1
2

N (i) In general, for any condition of flooding from any initial draught d;, s; shall be:
| . N

- 5,=2.70 (B—' - '_31172_5) (GMR - MMS) (in feet)
. 2 &

............ (Vi

- - -

(1]

F, tang 0 \ i
5, =49 (B— - _§_> (GMR - MMS) (in metres) ;

)
but not more than 1.0

Where:

] = the angle of heel due to unsymmetrical flooding in the final condition after
cross-flooding. if any;

. GMR = the highest required intact metacentric height at the relative draught, as determined
in Regulation S5(e) or if 2 higher metacentric height is to be specified in the instructions
to the Master. that value may be used:

. MMg = the reduction in the height of the metacentre as a result of flooding, calculated for the
ship in the upright position in the final stage of flooding.

(ii) For each compartment and for each group of compartments, “s” is taken as:

$s=0455, +0.335; 402253 ...t ax)
Where:
- sy = 5; calculated for the ship at initial draught d,
5=, - “ e ke . .“ 4
3=, “ “ ow e ow w “ ds

d,.d; and dy as defined in Regulation 1(g)iii).

. Values of GMR for the draughts d,, d; and d, are determined from the plot of GMR versus
. draught 1o be furnished to the Master of the ship in accordance with Regulation 8. Values of
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MMg. 8 and F, for these draughts are determined from plots of damaged condition vertical
metacentre, trim, draught and heel versus undamaged draught, determined in accordance with
Regulation 5(e).

(iii) Provided a positive contribution to the attained Subdivision Index A 1s obtained thereby. the
flooding of combinations of adjacent compartments in excess of those required for compliance with
Regulation S(bXi) and (ii) may be included in the calculations. However, s; shall be taken as zero
for any case of flooding which results

(1) durirg intermediate flooding or prior to equalization in an angle of heel in excess 20 degrees
or which immerses any opening through which downflooding might take place. .-

(2) for the final stage of flooding. except in way of the flooded compartment orco1  'ments. in
immersion of the relevant bulkhead deck at side. or heel in excess of |2 degrees.
(GMp - MMg) less than 2 inches (0.05 metre).

Regulation 7 — Combined Longitudinal and Transverse Subdivision

fa) Regulation 6 is predicated upon the condition that transverse hulkheads ordinarily extend trom side 10
side. However. an Administration may also accept a combination of transverse and longitudinal watertight
bulkheads wherein some of the transverse watertight bulkheads extend inboard only to longitudinal watertight
butkheads. provided that:

i) A horizontal watertight division located not less than 0.1B, above the base line is fitted in the centre
space between the longitudinal bulkheads. and the space below the horizontal division is subdiviced
' by watertight bulkheads in line with the watertughi transverse bulkheads in the wings or by equivalent
means.

{ii) Compliance with the provisions of Regulation 5 is demonstrated.

{1i1)  The Subdivisivn Index A. calculated according to paragraphs (b) and (<) of this Regulauon is not less
than the required Subdivision index R.

{b) To calculate the contribution of the wing compartments to the attained Subdivision Index A:

(i) “a” is calculated as in Regulation 6(b) using the distances from the aft terminal of L 1o the
transverse bulkheads bounding the considered wing compartment or group of compartments.

(i) “p" is obtained by multipiying the values vhtained by application of tormulae (1V) of Regulation o)
by the reduction factor "t according to formulae ( X). which represents the probability that the
inboard spaces will not be flooded.

(1) Where 2/L, is equal to or more than 0.2 b/8,:

-

r=g- [ 28+008121L, +0.02)

it b; B, 1s equal to or less than 0.2. and ™)

r=0.016/(%/L;+0.02) + b/B, +0.36

if b/B, is greater than 0.2,

(2)  Where Q'L is less than 0.2 b/B, . r shall be determined by linear interpolation between 1.0
for UL, = band the r-value calculated by formulae (X) tor ¥/L, = 0.2 b/B;.

In formulae (X) the terms have the foliowing meaning:

2 = the distance between the longitudinal limits used for the calculation of “*a" and “'p™ as
defined in Regulation 6(b) and (¢).

b= the mean transverse distance measured at right angles to the centreline at the subdivision
loadline betwaen the shell and a plane through the outermost portion of and parallel to
. that part of the longitudinal bulkhead which extends between the longitudinal limits
used 1n calculating “a".

(iii) “s" is calculated as in Regulation &(d). treating the inboard spaces as not flooaable. i.e. 4= 0.

{c)  If the attained Subdivision Index A obtained by application of the procedures in paragraph (b) of this
Regulation s less than the required Subdivision Index R. the additionai contribution to the attained Subdivision
Index A attributable to flooding of spaces inboard of the longitudinal bulkheads together with the outboard
spaces may be included. For the purposes of this contribution:
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(1) " 1s calculated as in sub-paragraph (bX1) of this Regulation except that the distances from the
aft terminal of L_ are taken to each transverse bulkhead bounding either a wing or an inboard
compartment or group thereof.

tii) “p” is obtained by muluplying the values obtained by apphcation of formulae (1V) through (V11
of Regulation 6(<) by {1 - ).

Tt Ry, T

(iii) **s” is calculated as in Regulation 6(d). In so doing. the assumed extent of flooding ui both wing .
and inboard spaces shall be that which would result from an assumed lonpitudinal extent of dumage |
coincidental with the longitudinal limits used in calculating “"a™ and *'p" and extending in to the )
ship’s centreline.

R an ak B0
[

Regulation 8 — Stability Information !

THEY .
.,

(a) (i) Every passenger ship shall be inclined upon its completion and the elements of its stabihty 1‘
determined.

4

(ii) Where any alterations are made 10 a ship s0 as 10 materially affect the stability information supphed
. 1o the Master. amended stability information shall be provided. If necessary the ship shall be ce- !
inclined.

h, t*)  The Master of the ship shal! be supplied with such reliable information as is necessary to enable lim £y
. rapid and simple means 10 obtain accurate guidance as to the stability of the ship under varying conditions of
service which inform-ion shall include:

:
i
;

‘(i) a curve of minimum operational metacentric height versus draught which assures compliance with
the requirements of Regulations S, 6 and 7. as well as a corresponding curve of the maximum
allowable vertical centre of gravity versus draught, or with the tabu'ar equivalents of these curves:

(ii) 1ables containing draught limits and their corresponding trim limits within which the requirements
of Regulations 5, 6 and 7 can be met:

(n1) instructions concerning the operation of cross-looding arrangements: and

( (1v) all other data and aids which might be necessary to maintain the required stability after damage.

tc)  There shall be permanently exhibited. for the guidance of the officer in charge of the ship. plans showng
clearly for each deck and hold the boundaries of the watertight compartments. the openings therein with the i
means of clusure and position of any controls thereof, and the arrangements for the correction of any list due
to flooding. In addition, bouklets coniaiming the aforementioned information shall be made available to the
officers ot the ship.

(d)  All information called for by this Regulation shall be subject to approval by the Admimistration.
Regulation 9 - Ballasting

When ballasting with water 1s necessary, the water ballast should not in general be carred in tanks intended
for oil fuel. In ships 1n which 1t is not practicable to avoid putting water in oil fuel tanks, oily-water separator
equipment to the satistaction of the Admunistration shall be fitted, or other alternative means acceptable 1o the
Administration shall be provided for disposing of the oily-water ballast.

Regulation 10 - Peak and Machinery Space Bulkheads. Shaft Tunnels, etc.

(@) (1) A ship shall have a forepeak or collision bulkhead. which shall be watertight up to the relevant
: bulkhead deck. This bulkhead sha!l be fitted not less than 0.05L, and not more than 9.5 feet (or
3.0 meires) + 0.05L, abail the forward terminal of the deepest subdivision loadline.

(ii) If a ship has a long forward superstructure and the residual freeboard at the forward terminal of L,
after flooding of the foremost compartment is less than the summer freeboard required amidships
according 10 the International Convention on Load Lines, 1966 the collision bulkhead shall be
extended weathcitight 10 the deck next above the relevant bulkhead deck. The extension need not
be frted directly over the tulkhead below, provided it is at least 0.05L abaft the forward terminal
of the deepest subdivision loadline and the part of the relevant bulkhead deck which forms the step
is made effectively weathertight.

(b)  An afterpeak bulkhead and bulkheads dividing the machinery space from the cargo and passenger spaces
forward and aft shall also be fitted and made watertight up to the relevant bulkhead deck. The afterpeak
bulkhead may. however. be stepped below the relevant bulkhead deck, provided the degree of safety of the ship
as regards subdivision is not thereby diminished.
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() Inall cases stern tubes shall be enclosed in watertight spaces of moderate volume. The stern gland shall
be situated in a watertight shaft tunnel or other watertight space separate from the stern tube compariment
and of such volume that. it flooded by leakage thiruugh the stern gland. the relevant bulkhead deck will not be
submerged.

Regulation 11 — Double Bottoms
{a) A double bottom shall be firzed extending frrom the forepeak bulkhead to the afterpeak bulkhead as tar
as this 1s practicable and cumpatibie with the design and proper working of the ship.

(i) lnships 165 feet (or SO metres) and under 200 feet (or 61 metres) in length a double bottom shull
be fitted ar least from the machinery space to the forepeak buikhead. or as near thereto as
practicable.

i) Inships 200 feet tur 61 metres) and under 249 feet (or 76 metres) in length a double bottom shall
he fitted ar least outude the machinery space. and shall extend to the fore and after peak buikheuds.
or as near thereto as pracieadle.

() In ships 249 feet (or 76 metres) in length and upwards a double bottom shall be fitted amidships.
and shall extend to the fore and after peak bulkheads. or as near thereto as practicable.

(= Where a double bottom is required to be fitted its depth shail be to the satisfaction of the Administration
si1d the miner bottom shall be continuzd out to the ship’s sides in such a manner as to protect the bottom to the
turn ot the bige. Such protection will be deemed satisfactory if the line of intersection of the vuter edge of the
margin plate with the bilge plating 1s not lower at any part than a horizontal plane passing through the point ot
intersection with the frame line amidships of a transverse diagonal line inclined at 25 degrees to the base line and
cutting it at a point 0.58,; from the middle line.

(<) Small wells constructed in the double bottom in connection with drainage arrangements of holds. etc..
shall not extend Jownwards more than necessary. The depth of the well shall in no case be more than the depth
less i 8 inches (or 457 mill:metres) of the double hottum at the centreline, nor shall the well extend below the
horizontal plane reterred to in paragraph tb) ol this Regulation. A well extending to the outer bottom s,
however. permtted at the atter cad of the shatt tunnel ui screw ships. Other wells (e.g. for lubricating o1l under
mam engnes) may be permitted by the Administration if satisfied that the arrangements give protection
equivalent ta that aftorded by o double battom complying with this Regulation.

1d) A double bottom need not be titted 1n way of watertight compartments of moderate size used exctusively
tor the carnage ot liquids, provided the satety of the ship, in the event of bottom or side damage. 1s not. 1n the
opinien of the Administration, thereby impaired.

Regulation 12 — Assigning. Marking and Recording of Subdivision Loadlines

14} In order that the required Jdegree ot subdivision shall be maintained, a loadline corresponding to the
spproved subdivision Jraught skall be assigned and marked on the ship’s sides. A ship having spaces which are
specisily adapted tor the accommadation ol passengers and the carriage of cargo slternatively mas. it the owners
desire. have one ur more additional loadlines assigned and marked to correspond with the subdisv o Jron oo
which the Administration may approve for the alternative service conditions.

(b) The subdivisiun loadlines assigned and marked shall be recorded in the Passenger Ship Safety Ceruificate.
and shall be distinguished by the notation C.1 for the principal passenger condition. and C.2. C.3. etc.. for the
slternative conditions.

(¢} The freeboard corresponding to euch of these lvadlines shall be measured at the same position and tfrom
the same deck hine as the treebuards determined in accordance with the International Convention on Louad Lines.
1966.

(d) The freeboard corresponding to each approved subdivision [oadline and the conditions of service tor which
it is approved, shall be clearly indicated on the Passenger Ship Safety Certificate. )

{e) In no case shall any subdivision loadline mark be placed above the deepest loadline in salt water as
determined by the strength ot the ship and/or the International Convention on Load Lines, 1966.

() Whatever may be the position of the subdivision loadline marks, a ship shall in no case be loaded su a3 to
submerge the loudline mark appropnate to the season and locality as determined in accordance with the Inter-
national Convention on Load Lines, 1966.

(g) A ship shall in no vase be so loaded that when she is in salt water the subdivision loadline mark appropriate
(o the particular voyage .rd condition ot service 1s submerged.
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Regulation 13 — Construction and Initial Testing n. Watertight Bulkheads, etc.

(3) Each watertight subdivision bulkhead whether transverse or longitudinal shall be constructed in such a
manner that it shall be capable of supporting. with a proper margin of resistance. the pressure due 10 the
maximum head of water which it might have to sustain in the event of damage 10 the ship, but a: least the
pressure due to a head of water up to the immersion lumit line. The construction of these bulkhead: shali be
to the satisfaction of the Admnistration.

(b) (i) Steps and recesses in bulkheads shall be wi.ertight and as strong as the bulkhead at the place where
each occurs. .
(u)  Where frames or beams pass through 2 watertight deck or bulkhead such deck or bulkhead shall be
- made structurally watertight without the use of wood or cement

(¢)  Testing main compartments by filling them with water is not compuisory. When testing by filling with
wate- is not <arned out. a hose test is compulsory: this test shall be carried out in the most advanced stage of
v the fitting out of the ship. In any case, a thorough inspection of the watertight bulkheads shal) be carried out.

(4) Tle tforepeak. douhle bottoms (including duct keels) and inner skins shall be tested with: water 10 a head
corresponding to the requirements of paragraph (a) of this Regulation.

t¢)  Teths vwhich are intended to hold hauids. and which form part of the subdivision of the ship. shai: be
tesied tor tightness with water to a head up to the deepest subdivision loadline or 1o a head corresponding to
two-thirds of the depth from the top of the keel to the immersion limit hine in way of the tanks. whichever :s
the greater:-provided that in no case shall the test dead be less than 3 feet (or 0.92 metre) above the top of the
tunk.

(f)  The tests reterred 1o 1n paragraphs (d) and (2) of this Reguiation are tor the purpose of ensuning that the
subdivision strucrurs! arrangements are watertight and are not 1o be regarded as a test of the fitness of any
compariment for the storage of oil fuel o: {ur other special purposes for which a test ot'a supenior character may
be required depending or. the height to which the liquid has access in the tank or its connections.

{ Reguiation 14 ~ Openings in Watertight Bulkheads

(a) The number of openings in watertight bulkheads shall be reduced to the minimum compatible with the
design and proper working of the ship: satisfactory means shall be provided for closing thesc openings.

(b) (i) Where pipes, scuppers. electric cables, etc. are carried through watertight subdivision bulkheads.
arrangements shall be made 10 ensure the integrity of the watertighiness of the bulkheads.

(ii) Valves and cocks not forming part of a piping system shall not be permitied in watertight subdivision
bulkheads.

(1i:)  Lead or other hest sensitin 2 materials shall not be used in systems which penetrate waterught
subdivision bulkheads, where deterioration of such systems in the event of fire would impair the
watertight integrity of the bulkheads.

(¢t (i) No doors, manholes. or access openings are permitted:
€1) n the coliision bulkhead below the relevant bulkhead deck;

(2) in watertight transvers- bulkheads dividing a cargo space from an adjoining cargo space.
except as provided in pa:agraph (k) of this Regulation.

. (ii) Except as provided in sut-paiagraph (iii) of this paragraph, the collision bulkhead may be pierced

: below the relevant bulkhead deck by not more than one pipe for dealing with fluid in the forspeak
tank. provided that the pip. 11 fitted with a screwdown valve capable of being operated from above
the immersion himit line, the valve chest being secured inside the forepeak 1o the collision bulkhead.

(iii) If the forepeak is divided 1o hold two different kinds of liquids the Administration may Alloyv the
collisiun bulkhead to be pierced below the relevant bulkhesd deck by two pipes, each of which is
fitted<as required by sub-paragraph (ii) of this paragraph, provided the Administration is satisfied
that there is no practical aliernative to the fitting of such s second pipe and that, having regard to
the additional subdivision provided in the forepeak, the safety of the ship is maintained.

(d) Within spaces containing the main and auxiliary propelling machinery including boilqrs serving t_he needs

of propulsion not more than one door apart from the doors to shaft tunnels may be fitted in each main transverse
hutkhead. Where two or more shafts are fitted the tunnels shall be connected by an intercommunicating passage.
There shall be only one door between the machinery space and the tunnel spaces where two shafts are fitted and
only two doors where there are more than two shafts. All these doors shall be of the sliding type and shall be
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located so as 15 have their silis as high > piacticuble. The hand gear for operating these doors shall be situated
above the immersion licut line and outside the spaces containing the machinery if this is consistent with a
satisfactory arrangement ol the necessuiy gearing.

(¢} (i) Watertight doors shail be shiding uoots of hinged doors or doors of an equivalent type. Plate doors
secured only by holts and dours requited to be closed by dropping or by the action of a dropping
weight are not permitted. ®

(ii) Sliding doors may be eithe::
iand operated only, i1 power operated as well as hand operated.
(iii) Authorized watertight doms mav theretore be divided into three Classes:

Class | -~ huned . o
Class 2 = hand operatea sluhing doors;
Class 3 - sliding doers which i power operated as weil as hand operated.

(iv) The means af uperaticn 1 amy v stertygit door whether power operated or not shall be capable of
closing the dour with the i mated 1013 degrees either way.

(vi Inall classes or watertigiit Juwuis sadicators shall be fitted which show, at all operating stations from
which the doors are &2t visicie. wiiether the doors are open or closed. If any of the watertight doors,
of whatever Ciass. s niv 1 :.17ed s0 35 10 enable 1t to be closed from a central control station. 1t shall
be provided with a mechanical. electncal. telephonic. ot any other suitable direct means of communi-
cation, enabling th: otficer ot the watch promptly to contact the person who is responsible fur
closing the door in question. under previous orders.

(1) Hinged doors (Class 1) shall Le fitted with quick action closing devices. such as catches, workable from
cach side ot the bulkhead.

1) Hand operated siding doors (¢ isas 21 2y have o hotizontal or vertical motion. It shall be possible to
aperate the mechamism at the aour nself trom etiter side. and in addition, from an accessible position above the
smmersion linut tine, with an all roar } crank motion. ar some other movement providing the same guarantee of
safety and of an approved type. IDepurtures frum the requirement ot operation on both sides may be allowed. if
*his requirement 1s impossibie cwing 1y the .avoui 0; tie spaces. When operating a hand gear, the tinie necessary
tor the complete closure of the dovt watis *tie slup upnght shall not exceed 90 seconds.

thy (1 Power operated sliding dou:: (Class 30 inay have a vertical or horizontal motion. If 3 door s required
tr be puwer operated from .« contral control. the gearing shall be so arranged that the door can be
uperated by power alsu at the Jduvor itsell from both sides. The arrangement shall be such that the
door will close automaticaily it upened by local control atter being closed from the central contral.
and also such that any door can be kept closed by local systems which will prevent the door trom
heing opened trom the upper control. | ocal control handles in connection with the power gear shail
be provided each side of the huikhead and shall be so arranged as to enable persons passing through
the dourway to hold both hundles in the open position without being able to set the closing
mechantsman operate: 5 cocitentally Power vperated sliding doors shall be provided with hund gou
workable at the dooe itseit on ctther side and trom an accessible pusitiun above the immiersiun, Lt
line. with an ali round cionk arenon or soine other movernent providing the same guarantee ol
safety and of an approved 1y pe. Provision shall be made to give warnings by sound signal that the
door has begun to cluse and wili continue (0 move until it is completely closed. The door shall take
4 sutficient time tu close to ensure satety,

tn)  There shall be at leust 1wo independent power sources capable of opening and closing alt the doors
under control, each ut then: capable of operating all the doors simultaneously. The two power
sources shall be controlled hom the central station on the bridge provided with all the necessary
indicators for checking that each of the two powes sources is capable of giving the tequirea service
satistactorly.

(iii}  In the case of hydiaulic uperation. each power source shall consist of 2 pump capable of closing all
doors in not more than 60 s2conds. 1a addition. there shall be for the whole installation hydraulic
accumulators of sutticiunt capacity to uperate all the doors at least three times, i.e. closed-open—
closed. The tluid used shall he one which does not freeze at any of the temperatures liable to be
encountered by the ship during its service.

tv (i)  Hinged watertight doors (Cluss 1) in passenger, crew and working spaces are only permitted above
a deck the underside of which. at its luwest point at side, is at least 7 feet (or 2.13 metres) above
the deepest subdivision loadline.




. I-d L [}

r—v—-'v—'~
A
Sl e
P!

S
. i I N

]
'

A N e e R o
PN

SRR 4

an
{

Fo

APV SV vhd Satl Sl A P i el SNt YA N A M 4 i qulel i el i o/ e it dingt i ading S Bt SR oAt Bt Bl 3
S T A ] N - - E R A RN . - -

<13 A VIi1'Res. 265

(ii) Waterught doors, the sills of which are above the deepest subdivision loadline and below the line
specified in sub-paragraph (i) of this paragraph shall be shding duors and may be hand operated
(Class 2). exveptn shipe where N is 1200 or more 16 which all such doars shall he powe- operzted
When trunkw2vs in connection wiih retngerated cargo and ventiiatior. or forced dieught dudts ave
carried throug!: more thar: one main watertight subdivisiun bulkhead. the Joors at such openings
shall be operated by poer

() Watertight doors which may sometimes be opened at sea, and the sills of which are below the decpest
subdivision loadlue. shall be shding doors. The following rules shali appiy:

(1} when the number of such doors (excluding doors at entrances t.. shaf: tunnelss exceeds fiv2
al. of these doors and those a1 the entrance to shaft tunndis cr ventugion or 1ovosd draught
ducts, shall be power operated (Class 3) and shall be capabie of being simultaneousiv Jlised
fiom a central stauon situated or: the bridge:

-

t2)  wien the number of such doors (=xcluding doors at entranzes to shaft tunnels) 1s greater thar.
cne. but doe: not exceed five,

ter  where the ship has no passenger spaces below the immersicn limit line. ali 1he above
menuoned doors may be hand operated (Class 2):

(h)  where the ship has passenger spaces helow the immersion limit line all the abave.
menitoned duors shall be power operated (Class 3) and shall be capable of beung
simultaneously closed from a centrai station situated on the bridge:

(3)  in any ship where there are only two such watertight doors and they are into or within the
’ space containing machinery, the Administration may allow these two doors to be hand
operated oriy (Ciass 20

(k) (1) 1! the Admimistration is satistied that such doors are essentia! watertight doors of satisiacton
cunstiuctisn may be firted in watertight bulkheads dividing carg:. between deck spaces. Such dooss
may be lunged. rolling or siiding doors hut shall not be remotely controlled. They shall be fitted at
the highest level and as 1ar from the shell plating as practicabie. but in no case shall the ourtoar .
vertical edges be situated at a distance from the shell plaung which 1s less than 0.2B,, such distance
bein]g measured at right angles to the centreline of the ship at the level of the deepest subdivision
loadhine.

(ii)  Such dours shall be clused hetore the voyage commences and shall be kept closed during navigation.
and the time of opening such doois in port and of closing them before the ship leaves pert shal! be
entered 1n the log book. Shoulc any of the doors be accessible during the vovage. they shail he fitted
with a device whick preven:s unsuthotized opening. When it 1s proposed to it such doors, the
number and urrangements shall receive the speciai consideration of the Admimisiration.

() Portable plates on bulkhea.!s shali not he permitied except in machinery spaces. Such plates shall always
be in place befure the ship leaves pert. and shall not be removed during navigation except in case of urgent
necessity. The necessary precautions sha!’ be taken in replacing them to ensure that the joints shall be waterught.

{m) All watertight dours shall be kept closed during navigation except when necessarily npened for the working
of the ship. and shall slways be ready to be immedaately closed.

{n) (i) Where trunkways or tunnels for piping. or for any other purpose are carried through main transverse
watertight bulkheads. they shall be watertight and in accordance with the requirements of
Regulation 17. The access to at least one end of each such tunnel or trunkway, if used as a passage
at sea. shall be through u trunk extending watertight to a height sufficient to permit access abwve
the relevant bulkhcad deck. The access to the other end of the trunkway or tunnei may be through
s watertight door of the type required by its location in the ship. Such trunkways or tunnels shall
not extend through the first subdivision buikhead abaft the collision bulkhead.

(ii) Where it is proposed to fit tunnels or trunkways for forced draught, piercing main transverse water-
tight bulkheads. these shall receive the special consideration of the Administration.

Regulation 15 - Openings in the Sheil Plating below the Immersion Limit Line

(3)  The number of openings in thic shell plating shall be reduced to the minimum compatible with the design
and proper working of the ship.

(b) The arrangement and efficiency of the means for closing any opening in the shell plating shall be consistent

with 1ts intendec purpose and the position in wkich it is fitted and generally to the satisfaction of the Admunistra-

uon.
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(¢) (i) Ifin a between deck the sills of any sidescuttles are below 4 line drawn parallel 10 the immersion
limit line at side and having its lowest point 0.025B, above the deepest subdivision loadline. all
sidescuttles in that between deck shall be of the non-opening type.

(ii) All sidescuttles, the sills of which are below the immersion limit line, other than those required to
be of a non-opeming type by sub-paragraph (i) of this paragraph. shall be of such construction as will
effectively prevent any person opening them without the consent of the Master of the ship

(iii) (1) Where in a between deck the sills of any of the sidescuttles referred to in sub-paragraph (ii) of
this paragraph are below a line drawn parallel 1o the immersion limit line. and having 1ts lowest
point 4'4 feet (or 1.37 metres) + 0.025B, above the water when the ship Jeparts trom any
port. all the sidescuttles in that between deck shall be closed watertight and locked before the
ship leaves port. ind they shall not be opened before the ship arrives at the rnext part. In the
application of this sub-paragraph the appropriate allowance for fresh waier may be mude when
applicable.

(2) The time of opening such sidescuttles in port and of closing and locking them hz2ru..e the <hip
leaves port shall be entered 1n such log book as may be prescribed by the Adminiztiation.

(Jd)  Efficient hinged inside deadiights arranged so that they can be easily and effectively closed und secured
watertight shall be fitted to all sidescuttles except that abaft 0.125L, from the forward terminal of L, and sbove
a line drawn parallel to the immersion limit line and having its lowest poini at a height of 12 feet

tur 3.66 metres) + 0.025B, above the deepest subdivision loadline the desdlights may be portahle in passenger
accommodation other than that for steerage passengers. unless the deudligh!s :re required by the Irernaniona!
Convention on Load Lines, 1966 to be permanently attached in their proper positions. Such portable deadhghts
shall be stowed adjacent to the sidescuttles they serve.

(e) Sidescuttles and their deadlights. which will not be accessible during navigation, shull be closed and secured
before the ship leaves port.

tH (i) No sidescuttles shall be fitted in any spaces which are appropriated exclusively to the carnage of
cargo.

(ii) Sidescuttles may, however, be fitted 1n spaces uppropriated alternatively to the carnage ot cargo or
passengers, but they shall be of such construction as will effectively prevent any person opening
them or their deadlights without the consent of the Master of the ship.

(1ii) If cargo is carried in such spaces, the sidescuttles and their deadlights shall be clused watertight and
locked before the cargo is shipped and such closing and locking shall be recorded in such log book
as may be prescribed by the Administration,

{8) Automatic ventilating sidescutties shall not be fitted in the shell plating below the immersiun linut line
without the special sanction of the Admunistration.

th)  The number of scuppers. sanitary discharges and other similar openings in the shell plating shall be reduced
to the minimum either by making each discharge serve for as many as pussible of the samitary and other pipes. or
in any other satisfactory manner.

(i) (i) All inlets and discharges in the shell piating shall be fitted with efficient and accessible arrangements
for preventing the accidental admission of water into the ship. Lead or vther heat sensitive matenals
shall not be used for pipes fitted outboard of shell valves in inlets or discharges, or any other
application where the deterioration of such pipes in the event of fire would give rise to danger of

ooding.

(i) (1) Except as provided in sub-paragraph (iii) of this paragraph. each separate discharge led through
the shell plating from spaces below the immersion limit line shall be provided either with one
automatic non-return valve fitted with s positive means of closing it from above the immersion
limit line or, alternatively, with two automatic non-return valves without such means, the upper
of which is 0 situated above the deepest subdivision loadline as to be always accessible for
examination under service conditions, and is of a type which 1s normally closed.

(2) Where a vaive with positive means of closing is fitted. the operating position above the
immersion limut line shall aiways be readily accessible, and means shall be provided for
indicating whether the vaive is open or closed.

(iit) Main and auxiliary sea inlets and discharges in connection with machinery shall be fitted with readily
accessible cocks or valves between the pipes and shell plating or between the pipes and fabricated
boxes attached to the shell plating.
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U (1 Gangway. cargo and bunkering station ports fitted below the immersion limit line shall be of
sufficient strength. They shall be effectively closed and secuted watertight before the ship leaves
port. and shall be kept closed during navigation.

(i) lSuc;;.pons shall be in no case fitted so as 10 have their lowest point below the deepest subdivision
oadline.

(k) (i) The inboard opening of each rubbish-shoot, etc., shall be fitted with an etficient cover.

(it)  If the inboard opening is situated below the immersion limit line the cover shall be watertight. and
in addition an automatic non-return valve shall be fitted in the shoot in an casily 2ccessible position
above the deepest subdivision loadline. When the shoot is not in use buth the cover and the vahe

. shall be kept closed and secured.

Regulation 16 — Construction and Initial Tests of Watertight Doors. Sidescuttles. etc.

ta) (i) The design. materials and construction of all watertight doors. sidescuttles, gangway. cargu and
other ports, vaives. pipes. and rubbish-shoots referred to in these Regulations shall be 10 the sausia-
tion of the Administration.

Qi) The frames of vertical watertight doors shall have no groove at the botiom in which dirt might lodze
and prevent the Sous clusing properly.

(iii)  All cocks and valves for sea inlets and discharges below the immersion limit line and all fittings
outboard of such cocks and valves shall be made of steel, bronze or other approved ductile material.
Ordinary cast iron or similar materials shall not be used.

(by  Each watertight door shall be 1ested by water pressure to a head up to the immersion limit line. The test
shall be made betore the ship is put in service, either before or after the door is fitted.

Regulation 17 -- Construction and Initial Tests of Watertight Decks. Trunks, etc.

(3)  Watertight decks. trunks. tunnels. duct keels and ventilators shall be of the same strength as watertight

{ bulkheads at corresponding levels. The means used for making them watertight. and the arrangements adopied
tor closing openings in them. shall be to the satisfaction of the Administrution. Watertight ventilators and trunks
shall be carried at least up to the immersion limit line.

tb) After completion. a hose or tflooding test shall be applied 10 watertight decks and a hose test to watertight
trunks. tunnels and ventilators.

Regulation 18 — Watertight Integrity above the relevant Bulkhead Deck

t2)  Ths Administration may require that all reasonable and practicable measures shal! be taken to hmut the
enIry uio spicad 07 water above the relevani bulkhead deck. Such meusures may includs paitici bulkboods or
webs. When parual watertight bulkheads and webs are fitted on the relevani bulhhead deck. above or in the
immediate vicinity of main subdivision bulkheads, they shall have watertight shell and relevant bulkhead deck
connections so as to restrict the flow of water along the deck when the ship is in a heeled damaged condition.
Where the partial watertight bulkhead does not line up with the bulkhead below, the relevant bulkhead deck
between shall be made effectively watertight.

(b} The deck at the immersion limit line or a deck above it shall be weathertight in the sense that in ordinary
sea conditions water will not penetrate in a downward direction. All openings in the exposed weather deck shall
have coamings of ample height and strength and shall be provided with efficient means for expeditiously closing
them weathertight. Freeing ports. open rails and/or scuppers shall be fitted as necessary for rapidly clearing the
weather deck of water under all weather conditions.

(¢) Sidescuttles, gangway, cargo and other ports and other means for closing openings in the shell plating above
the immersion limit line shall be of efficient design and construction and of sufficient strength having regard 10
the spaces in which they are fitted and their positions relative 10 the deepest subdivision loadline.

(d)  Efficient inside decadlights. arranged so that they can oe easily and effectively closed and secured watertight,
shall be provided for all sidescutiles 1o spaces below the first deck above the immersion limit line.

Regulation 19 — Bilge Pumping Arrangements

{3} Ships shall be provided with an efficient bilge pumping plant capable of pumping from and draining any
waicrtight compartment which is neither a permanent oil compartment nor a permanent water compartment
under all practicable conditions after a casualty whether the ship is upright or listed. For this purpose wing
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. tony will generally be necessary except in narrow compartments at the ends of the ship. where one suction

{ 1y be sutficient. In compartments of unusual form, additional suctions may be required. Arrangements shall
S h¢ made whereby water in the compartment may find its way to the suction pipes. Where in relation to

v particular compartments the Administration is satisfied that the provision of drainage may be undesiraole, tt

W) .1y allow such provision to be dispensed with if calculations made in accordance with the conditions laid down
3N » Regulstion 5 and assumed for the purposes of Regulations 6 and 7 show that the safety of the ship will not
3N he impaired. Efficient means shall be provided for draining water from insulated holds.

- tb) (i) Ships sha’i have at least three power pumps connected to the bilge main, one of which may he
attached to the propelling unit. Where R is more than 0.50, one additional independent power pump
. shall be provided.

(1) The requirements are summarized in the tollowing table:

Required Subdivision Less than and over
Index R 0.50 0.50
= Main engine pump (may be replaced
- by one independent pump) ... .. .. .. 1 1
::j: Independent pumps 2 3
{ui) Sanitary, ballast and general service pumps may be accepted as independent power bilge pumps if
“ titted with the necessary connections to the bilge pumping system.
~3 {<)  Where practicable. the power biige pumps shall be placed in separate watertight compartments so arranged
- situated that these compartments will not readily be flooded by the same damage. If the engines aid boilers
. 4re in two or more watertight compartments, the pumps available for bilge service shall be distnibuted throughout
“ these compartments as far as is possible.
::‘ + 1) On ships 330 feet (or 100 metres) or more in length or having R more than 0.50, the arrangements .iwli be
b that at least one power puinp shall be available for use in all ordinary circumstances in which a ship mav
T be ilscded at sea. This requirement will be saustied if:
('} one ol the required pumps is an emergency pump of a reliable submersible type having a source of
power situated above the relevant bulkhead deck; or
ﬁ (1) the pumps and their sources of power are so disposed throughout the length of the ship that under
>, any condition of flouding which the ship is required to withstand, at least one pump in an
) undamaged compartment will be available.

ter Witls the uu:puun'ot' additivnal pump: which may be provided for peak compartments only. each
required bilge pump shall be arranged to draw water from any space required to be drained by paragraph (1) ot
X (iis Regulation.

1f)  Each prwer bilge pump shall be capable of giving a speed of water through the required main bilge pipe

¢ rot less than 400 feet (or 122 metres) per minute. independent power bilge pumps situated in machinery
spaces shall have direct suctions from these spaces, except that not more than two such suctions shall be
r..siied inany one space. Where two or more such suctions are provided there shall be at least onc on the port
v si.de and one on ihe starboard side. The Administration may require independent power bilge pumps situated
o itv sther spaces to have separate direct suctions, Direct suctions shall be suitably arranged and those in a

- r.achinery space shall be of a diameter not less than that required for the bilge main.

- ’ 12) (i) [Inaddition to the direct bilge suction or suctions required by paragraph (f) of this Regulation there
- shall be in the machinery space s direct suction from the main circulating p leading to the
“u drainage level of the machinery space and fitted with a non-return valve. The diameter of this direct
: suction pipe shall be at least two-thirds of the diameter of the pump inlet in the case of steamships,
? and of the same diameter as the pump inlet in the case of motorships.

X (1i) Where in the opinion of the Administration the main circulating pump is not suitable for this

... purpuse. a direct emergency bilge suction shall be led from the largest available independent power
- driven pump to the drainage level of the machinery space; the suction shall be of the same diameter
o as the main inlet of the pump used. The capacity of the pump so connected shall exceed that of a
2 required bilge pump by an amount satisfactory to the Administration.
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N (iii)  The spindlec of the sea inlet and direct suction valves shall extend well above the engine room

~ platform.

g

‘4

(h) (i) All pipes from the pumps which are required for draining cargo or machinery spaces shall be
entueé_v distinct from pipes which may be used for filling or emptying spaces where water or cil 1s
carried.

v e
e
e .

(i)  All bilge pipes used in or under fuel storage tanks or in boiler or machinery spaces. including space:
g in Wh'.c? oil-settling tanks or oil fuel pumping units are situated, shall be of sieel or other approved
e material.

(i) The diameter of the bilge main shall be calculated according to the following formulae provided that the

- actual internal diameter of the bilge main may be of the nearest standard size acceptable 10 the Administiation
) /LB, +D
« . d (in inches) = —’(.,—;W‘-) +
) or

d (in millimetres) = 1.68 ,/ L(B,+D,) + 25

where d = internal diameter of the bilge main (in inches or in millimetres respectively }

L, and B, in feet or metres respectively

- ' D, = moulded depth of ship to immersion limit line at midlength
: (in feet or metres respectively).

b The diameter of the bilge branch pipes shall be determined by rules to be made by the Administration.

. () The arrangement of the bilge and ballast pumping system shall be such as to prevent the possibiity ot
. water passing from the sea and from water pallast spaces into the cargo and machinery spaces. or from onc
compartment to another. Special piovision shall be made to prevent any deep tank having bilge and ballast
connections being inadvertently run up from the sea when containing cargo, or pumped out through a bilge pipe
when containing water ballast.

(k) Provision shall be made 10 prevert the compartment served by any bilge suction pipe being flooded in the
event of the pipe being severed, or otherwise damaged by colliston or grounding in any other compariment. For
this purpose. where the pipe is at any part situated nearer the side of the ship than 0.2B, (measured at nght
angles to the centreline at the level of the deepest subdivision loadline). or in a duct keel, a non-return valve
shall be fitted to the pipe in the compariment containing the open end.

(1)  All the distribution boxes. cocks and valves in connection with the bilge pumping arrangements shall be in
positions which are accessthie at all umes under ordinary circumstances. They shall be so arranged that in the
event o! flooding. one of the bilge pumps may he operative on any compartment. 1n a¢Jiiion. damage L s puniy:
or its pipe connecting 10 the bilge main outboard of a ine drawn at 0.21B,, shall not put the bilge system out ot
action. If there is only one system of pipes common to all the pumps, the necessary cocks or valves for controlling
the bilge suctions must be capable of being operated from above th* immersion limit line. Where in addition to
. the main bilge pumping system an emergency bilge pumping system is provided. it shall be independent of the

main system and so arranged that a pump is capable of operating on any compartment under flooding conditions.

- in that case only the cocks and valves necessary for the operation of the emergency system need be capable of
being operated from above the immersion limut line.

(m) All cocks and vaives menuoned in paragraph (1) of this Regulation which can be operated from above the
immersion limit line shall have their controls at their place of operation clearly marked and provided with means
to indicate whether they are open or closed.

Regulstion 20 — Marking. Periodical Operation and Inspection of Watertight Doors, etc.

(a) Drills for the operating of watertight doors, sidescuttles, valves and closing mechanisms of scuppers. and
rubbish-shoots shall take place weekly. In ships in which the voyage exceeds one week in duration a complete
drill shall be held befcre leaving port, and others thereafter at least once a week during the voyage. In all shups
all watertight power doors and hinged doors, in main transverse bulkheads, in use st sea, shall be operated
daily.

(b) (i) The watertight doors and sll mechanisms and indicators connected therewith, all vaives the closing
of which is necessary to make a compartment watertight, and ali valves the operation of which 1s
necessary for damage control cross connections, shall be periodically inspected at sea st least once
s weeh.
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(ii)  Such valves, doors and mechanisms shall be suitably marked to ensute that they may be properly
used to provide maximum safety.

Regulation 21 — Entries in Log

t4) Hinged doors, portable plates, sidescuttles, gangway, cargo and other ports and other openings. which
<re required by these Regulations 1o be kept closed during navigation, shall be closed before the ship leaves
port. The time of closing and the time of opening (if permissible under these Regulations) shall be recorded in
such Ly buuk as may be prescribed by the Administration.

(d) A record of al! drills and inspections required by Regulation 20 shail be entered in the log book with an
exphwit record of any defects which may be disclosed. -
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INTER-GOVERNMENTAL MARITIME > \‘
CONSULTATIVE ORGANIZATION { cif;f N MSC/Cire.153
101 108 PICCADILLY. w4 ‘\j 26 Novenbexr 1973
LOZON. WiV OAE & 1/
Teiwi aTs INMARCOR- LONDON. W | 4,”%5"
Telcpnane 0i-499 9040
IMCO

Ref. T4/1.01

REGULATIONS ON SUBDTVISION AND DAMAGE STABILITY (T
PASSENGER SHIPS AS EQUIVALENT TO PART B OF CHAPTER II
OF TEE INTERNATIONAL CONVEZ-TION FOR TEE SAFETY

OF LIFE AT SEA, 1960 (Resolution A.265(VIII))

Explanatory notes to the Regulations

The Assexbly at its eighth sesaion when adopting the Requlations on
Subdivision and Stability of Passenger Ships as an equivalent to Part B of
Chapter II of the Internatiomal Convention for the Safety of Life at Sea, 1960
(Resolution 4.265(VIII)), considered explanatory motes to these Regulations,
vhich were preparcd by the Sub-Committee on Subdivision and Stability,

The Asscmbly agreced that this supporting dooument was of great value in
ensuring the uniform application of the Regulations and rccormended its
oirculation to Member Governmonts and Contracting Governments to the 1960 Safety
Convention for infermaticn,

The toxt of the explanatory motcs (Annex II of STAB XV/1l) is attachcd
heroto.
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EXPLAN.TORY NOTES TO THE REGULLTIONS ON SUBDIVISION .JD
DIMLGE STABILITY OF P.SSENGER SHIPS AS EQUIVLLENT TO
PLRT B OF CHLPTER II OF THE INTERN.TIONLL CONVENTIO:

FCR THE S/.FETY OF LIFE AT SEL, 1960

The following notes are applicable to new Regulations 1-21 which, in
accordance with Resclution 4,265(VIII), may be taken as equivalent to and a
totzl alternative to the ccrreéponding provisions of Part B of Chapter II of

the Internmational Convention for the Safety of Life at Ses, 1960,
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The new Rogulations have been prepared in response to Recommendaticn 6 of
the sbove Convention.

These notes consist of the following four parts:
I. General Principles;
II. Guidance Notes for Application of Regulatioms;
II1I. Guidance for Lssemdling Input Data and Structuring Output Date;
IV. Basis for the Calculation of Subdivision Index L.
Part I contains a brief history of the development of the new Regulations

_tegether with en explanation concerning the need for the revision of th:

present requirements, Ldditionally, explanation is given in respect of the
basic philoscphy as well as the general principles and practical advanteges
of the new requirements,

Parts II and III are intended for users of the new Regulatioms.
Part II gives detailed explanation on each regulation and Part III describes
a recammended form for input and ocutput data.

Part IV provides information for those who wish to study the
thecretical-basis for the new Regulations. In this part a summary of
statistics upon which these Regulatione are based is also given.

___________________
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h PLRT I - GENERLL PRINCIPLES

In thic part of the cxplanatory notc & gencral outline of the new .
Subdivizion Rogulations is given together with a bricf history of their -
developoont. More dctailed information is presentod in subsequent parts.

The regulations dcaling with the subdivision of passcnger ships in the )
1660 Safoty Convention were derived from studies carricd out prior to and
cfter the first Intemmational Safcty Confercence of 1913-1914. These studies
tock place mainly during the poriod 1912-1924 and wexre influenced by then
exigting ships, The 1960 Safoty Convention regulations therefore, in the
main, do not take into account evolution in sghip decign and advances in
Imowledge over about the pact 50 ycars,

Ship decign has changed considerably since then and with the pacsage of
tine the present mathod hac become less meaningful as regards safety. ‘
Additiocnally, from a more comprehensive study, certcin flaws in the method
have becn disclosed.

Anong the defects of the existing subdivision regulations of the 1960
Sefoty Convention which wore concidered as a reason for their revision are:

= The formulee for the Criterion of Service have become obcolete
beczuse the reletionchip between the volumes of different cpaces

. within the ship's hull (which wes introduced in these formulae in a
-+ hidden way) has changed sinco these formulac were produced., Improvoments ‘
- in nachinery decign have permitted higher powcr within less apace. -
There has been a demand for more spacious passanger accommodations
causing them to be located to a greater degrce abovo the bulkheed deck.
X In consequence, the safety standard applied to a ship whose primary
i ] ' ' function is tho carriage of pasaengers has depreciated.

~ The regulations in the 1960 Safoty Convention do not take in. ac. wunt
the foct that for any given bulkhead arrangenent quite differant cxtents
of flocding con arise as a result of varying domage length which is a
randon quantity.
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= The method employed in the 1960 Safety Convention does not take
full account of the effects of ship proportions; of operation
at draughts less than the load draught, of variations in
permeadbility, or of stability flooded on the degree of safety.

These and some other deficiencies of the regulations in the 1960 Safety
Convention lead to an incorrect estimate of the ship's safety. In particular,
the methed used in the 19697 Safety Convention calls two ships equally safe if
they have the seme valt_;e of subdivision factor though these ships may have
quite different actual capabilities to withstand damage.

‘At the Internationel Cemference on Safety of Life at Sea, 1960 several
countries, including Federal Republic of Germany, Italy, Japan, the
United States and the Soviet Union, submitted proposals for amendments to
Chapter II of the 1948 Safety Convention in respect of subdivision and
damage stability regulations. Although these propossls were not accepted by
the Conference, it was agreed that improvement in these regulations was
desireble. In Recormendztion 6, the Conference noted thet IO should, at
the earliest procticable date, carry out investigations directed towards
improvement.

A principal task of the LICO Sub~Committee on Subdivision and Stebility,
establighed in 1962, has been to carry out this work.

In 1967, efter meny prelinminary studies, the Sub-Committee established
the Ad Boc Group for the preparation of new Regulations.

Since establishnent of the Sub-Cormittee, and including the Ad Hoc Group,
more than 25 intema*ional meetings hove been held and more than 150 relevant
papers hnve been considered.

The background theoretical and experimental work has been extensive and
has involved a high degree of cooperation among countries both in undertaking
this work and in the discussions within the Sub-Committee. It mey be elso
said that the new Regulations reflect a consideradle degree of contribution
fron all lienbers of the Sub-Comittee.
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'I-;: In preparing the new Subdivision Regulations the following nain prenises
- were taken ag a basis:

- The level of safety provided by the new Regulations should, in
general, be sinilar to that given by the 1960 Safety Convention, "

-~ The degree of safety should increase with the ship length and
the total number of persons which the ship is certified to carry.

- L8 a criterion of the degree of safety an index of subdivision
which is a neasure of the ship's ability to survive after danmage
should be used. This index should reflect the effect of bulk-
hecd spacing, stability, and other feestures relevant to this
ability.

-~ Since a purely probabilistic approach to evaluation of safety
4 would lead in scme ccses, to design of ships with unacceptable
:*_fi vulnerability in some part of their length, the regulations
o should include specific minimum gtandards for compartmentation
~ and danage stability leading to approxinately the same degree of
safety in these resnmects, as is provided by the Regulations of
the 1960 Safety Couvention.
The nost important and principal distinction of the new Regulations is
the use of the probabilistic approach.

48 it is well lknown, nany factors actually affecting the final 1
consequences of ghip hull danage are random and their influence is different -
for ahips with different charzcteristics. For excmple, it is obvious thet 1

in shipe of similar size carrying different amounts of cargo, quite similer

T danages nay lead to different results because of differsnces in the range of
‘_ permeability and draught during service.
ff-] ’ Dus to *his fact, the effect of damage to a ship with given watertight

subd.ivisio;x depends on the following circumstances:

- which particular coopartment or group of adjacent compartments
is flooded:
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the draught and intact etability ot the time of danage;

- the permeability of affected spaces at the tine of danage;

the sea state at the moment of damage;

other factors such as possible heeling monents due to
unsymetrical weights,

Sone of these circunstances are interdependent and the relationship
between then and their effects may vary in different cases.

For these reasons and because of mathematical complexity as well as
insufficient data, it is not practicable to make an exact or direct asseas-
ment of their effect on the probability that e perticular ship will survive
o danage if it occurs. BHowever, accepting scbe approximations or quslitative
Judgnents, a logical treatnent may be achieved by using the probability
approach as the basis of a conparative method for the assessnent and
regulation of ship safety.,

The probability of ship's survival includes the following probabilities:

- the probability of flooding each single compartnent and each
possible group of two or more adjacent compartments;

= the probability that the residual Pbuoyancy after flooding of
a coopartnent (or a group of two or more adjacent coupartoents)
under consideration will be sufficient to provide for survival;

- the probability that the stability after flooding e conpartnent
(or a group of two or more adjecent compartnents) will be
sufficient to prevent capsizing or dangerous heeling due to loss
of stability or to heeling nonent.

It pay be demonstrated by means of the probability theory that the
probability of ship survival should be calculated as a surn of probebilities
of her survival after flooding eesch single compartment, ecch group of two,
three etc. adjacent coopartnents pultiplied, respectively, by the probabilities
of such danages as lead to the flooding of the corresponding compartment or
group of compartments.

= A d
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The principles of evaluation of the probability of flooding of any given
coupartment or group of adjacent compartoenta are shown in Fig.l.l.

e B
P .
o

Sinilarly principles of evaulation of the probability of survival after
h flooding of any given compartuent or group of adjacent coopartnents are shown
in Fig. l.2.

Data analyzed and utilized in preparing the new Regulations include:

- Collision casualty reports giving darage dinmensions and location
in ship, sea state and other relevant information;

' = Voyage reports containing information pertaining to operating
draughts and perneabilities (as well as stability);

- llodel tests of two danaged ships in waves as well as supple-
nentary tests of sinplified nodels of varying beaa to determine
the effect of bean-depth ratio.

Vhile the resulting infornmation presently available is considered
ingufficient to pernit & precise determination of ship survival probability,
the new regulations lead to a comparative evaluation of ship safety based on
Probability principles and specifically provide for:

- An objective evaluation of the effect of individual specific ship
features on the safety of the ship. In this connexion, the new
Regulations, without loss in safety, pernit greater latitude in
bulkhead arrangement than do the Regulations of the 1960 Safety
Convention.

- Posaidble future ioprovenent in the Regulations, without need for
. change in their structure, ae additional relevant statistical and
- - other information cay become availabdble.
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- LNIEX I3
i Pare 9
.
:: PART II - GUIDLNCE ROTES FOR APPLICATION OF REGULATIOCNS
PA
: In these notes, rcference is made to the nunbers of the new Regulztions.

However, where any part of a Regulation ic considercd sufficiontly like its
. counterpart in Chapter II of tho 1960 Safety Convention, or is othervise
fully self-evident, no mention is nmade.

Reculation 1 - Definitions

3 Parcereph 1(b). In effect “the subdivision length" (Ls) is the couldcd

N overall length of the buoyant part of the intact ehip. In contrast to the

X length as defined in Reguletion 2(b) of Chepter II of the 1960 Scfety Conventionm,
it is unaffected by changes in the subdivicion draught,

Poregraphs 1(b), (e) and (£f) are illustrated by Figure 2.1.

Sub-parcgraph 1(g)(ii). The "lightcst scrvice drought” (do) i3 normzlly
the anticipated draught with no cargo but with the ship in cervice conditicn
end with sufficient tankage ond dollact to provide the ninioum operaticnzl
wmetecantric height at that draught preccribed in ccecordance with Regulation 8(b)(4).
However, in the casc of ships which mey never be opcrated without at lecet some
eargo cboard, thc anticipated minimun cargo should be included.

Sut-pzragrapi 1(zg)(iii). Thc use of these intcrmedizte droughts ic
explained under diccussion of Regulation 6(a)(ii).

Paragrzph 1(h) is illustrzted by Figurc 2.2.

Boeguletion 2 ~ Subdivision Index

- This Regulation requircs that safety sholl incrcasc e¢s L and N axe
increased, but that the rate of increase of cafety shall, for practiccl reasons,
dininigh towcrds the higher end of the scale,

It may.be noted that officerc and crew aro included in the evalucztion of
H, not onl;; for hunanitarian recasons but alco becauce it was found that such
inclusion cvidently resulted in a better evaluaticn of the ehip's cervice.
That is to cay, luxury and cruise ehips, devotel virtunlly exclusively to
passongers, tend to hove larger crows thon ships of sbout the same £ize end
pessconger nuobers, but which depend upon coxgo revenue for part of their income,

w—_-
)
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Figure 2.1 - DNlustration of "subdivisicn length”, "relevant
bulkhead deck” and "immersion limit lize",
Regulation 1 (b), (e) and ()

MEASURED PARALLEL T3

" TME SUBDIVISION LOADLINE Ls

' SIDE SHELL D0LS NQT COMPLY wWiTH REG 15

[

g R — —ans e e e —

R e

17778

S
I

Y|
% A

e TN E——— /

N e

. Ls

}// ‘ /
7, 7.0 A

. ‘v"i', L AR AR AR A A
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Pigure 2,2(a) - Illustration of "effective moan domage
freeboard" (Fl)' Reguletion 1(h)

’._MIDLENCTH

'%lw ’ I il- S
t —1 I -

\\\\ t\:§<\t\x,\«{§\- v m—— \ ‘////,?
= -

FLOODED COMPARTMENT(S).—

\ARsAi

é«L

The distance 0,2 32 pay be meesured perpendicular to the
damege waterline, or perpendicular to the subdivisian lcadline.
The difference is negligidle for regulatary purposes.

Plgure 2.2(b) - Niustration of limit an P, irposed by
oponings in the bulkhead ddok.

F'=

Y,

8 UPRIGHT DAMAGE WL

'\u -—
L | INCLINED DAMAGE WL
! \

The Administration may determine in eech case if the inolined
mumhnmwmowmwtmootimpomta.
vith negligible difference in O,.

é 7, shall not be taken as more than 1/3 B, tan O, where O, is

the angle at vhich stairmay or other openings in the dulkhead deck
are immersed,
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Peregreph 2(c). Pormmula (I) is bzsed upon o concilderztion of the rooulte
of czlculations of the Subdivieion Index L for 2 »cprecontotive scopls ¢f
existing passenger ships cooplying with the requirencnts of the 1960 Szfoty
Cexvention,

Beezuce the Regulcticns in the 1950 Safety Convention undzr which these
ching vere constructed ore illegical (for rozcons stzted in Part I) it would
te swprising if tisce A volucs did not shew censidexcble scotter.

A.gto: anelyzing the chercsteristics of these cliipc and coensidering the
influence of their esscatial decign percooters, s well 2c the results
of sore decign studies, it was eoncluded that, for acw shipc, A vilues cpnrecizbly
better thrn attcired by at leact sone of these existing ships, could bo renlized
without econonic or sexvice ponnlty.

The ccefficicnts of feizula (I) were accoxdingly celected such that Ik
corrcesponds to cbout the median of the cticined L volues of the entire sarole,
i.e., bo ac to correcpord cbout to the cvercge sefetly of existing ships. This
i3 shown by Figure 2.3.2"/

Parngroph 2(c), togeother with sub-porcgraphs 5(b)(1) and (11), zetains 2
relationship between lifeboatose end corpertnent stondexd eiridler in intention
to Rogulations 1(d) and 5(e) of Chapter II of the 1550 Safety Cenvention,
Howgver, this new Rogulation provides for = grodusl increase in the safety
standord in contrast to the abrupt inciezse vwhich often results from asplication
ol the Regulations of the 1960 Safety Convention,

Poragroph 2(d) pravides for ralaxction of the safety standard at the
disezetion of the adninistrction ard is enclogous to Regulotions 1(c),
. 5(e)(1)12) and 5(e){i1) of Chestex II o2 the 1960 Safety Cornvention.

;,/ It chould be acationed that the pointc in thiz groph were obtzined by neans
of the fornulce used in previous drcft regulctions, EHowever, it ia
concidcred thot the diflorconce in rosults cfter spplication of tiie latest
forzulce will ot be significant,
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ation 3 -« Specizl Bules Concerning Sutdivision

Paragrzphs 3(a) and (b), in effect,take the place of Hegulations 6(c) and
(4) respectively of Chapter II of the 1960 Scfety Conventicn.

Resulation 4 - Permesbility

Paragraph 4(b) based upon analyeis of actual chip operating data is
logicel. For ships having a scall range of operating draughts (due
appreciably if not entirely to variations in tankage), the likelihood is
high that cargo spaces nmzy be only slightly occupicd or empty even when the
chip is near d a° On the other hand, for ships having a greater range of
operating draughts, there is greater lilkelihood that sone of this drzught
range will be due to voriations in cargo ond therefore that cargo spaces

nay be occupied by scne cargo at any draught. At the sane tine, for any
given chip, the posaidbility that cargo spaces ncy be only partially filled
or even enpty increcces ag operating draught is reduccd.

Resulation 5 - Subdivision and Damasme Stability

Studies of the subdivision and dancge otability of existing long and
short voyage ships, which comply with the 1960 Safety Ccnvention, showed
that there was no consistent relationship between ship length and the
required compartnentaticn standerd corresponding to the factor of subdivision.
On the other hand, apart frono scatter, it wes found that Rogulations 5(d) and
(e) of Chapter II of the 1960 Safety Convention do roughly differentiate
between one and two compartmont ships according to the total nurber of
persons abcard - as is shown in Figure 2.4. Consequently the corpcortnent
stardard prescribed by this new Regulcotion is dependent upon F only LT
defined in Regulationg 2(c)and (d) end already mentioned.
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sub=paragraph 5 to a ship

with Ne900,
{7nsep ONLY BE ABLE TO MUST BE ABLE TO WITHSTAND |
| WITHSTAND PAMAGE wiTHIN DAMAGE ON ANY BULKHEAD -
i TWO ADJACENT BULKNEADS. | fORWARD 0F THIS BULKHEAD. | ’
L BULKHEAD DECK l/ .
!

y C
! )
i L P
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Bub-paregraph 5(2)(1) provides that ships are as safe in respect to
darages of the specified sise as they are under Chapter II of the 1960 Bafety

Canvention, Probabilistic evaluation of the effect of variation in damage
8ize is dealt with by Regulaticns 6(c) and 7.

Sub-paragraphs 5(b)(1) and 5(b)(141) have the effect of:

l. Baquiring a me coampartnent standard for values of N for which nearly
all sarple ehips have factor of subdivision velues greetar than 0.5.

2. Requiring, progrossively, in addition a two capartpent standard for
part of the length forward for valuss of X for which socoe sample ships have a
factor of subdivision greater than 0.5 while for other such ships the factar
of subdivision is less.

5« Requiring s two caparttant standard throughout for values of § for
whiich nearly all sample ships have factor of subdivision values less than 0,5,

The nethod of applicaticn of gub=parsgraph 5(b)(11i) 4s shown by Plgure 2.5.
Figure 2.5 =~ I1lustration of the Lgpliuticn of
() (14

Tvo caxpertment s‘andard is required for a proportion of the
ship length abaft the forward terminal, givem by

(z&-x)x..-:?- in this case.

Sentundetibodondendnd acbadnda badod s o s ai a ol oo a ol o -i‘;'."LJ
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Sub-paéngraph 5(b) (4ii) has essentially the same intent as the corresponding
Regulation 7(d)(i1i) in the 1960 Safety Convention but is more explicit.

Sub-paragraph 5(c)(i) takes the place of Regulation 7(f) of Chapter II of
the 1960 Safety Convention. Principally, it corrects the weakness in that
Regulation which permits acceptance of conditions wherein a damaged ship
simultaneocusly might have only 2 inches (or 0.05 metre) metacentric height
and only 3 inches (or 0.076 metre) freeboard, or other unrealistically low
values despite the fact that chances of surviving such a condition are, as is

shown in Figure 2.6, non-existent.

0.4

Figure 2.6

RESIDUAL FREEBOARD 76mm

o
.

| 8]
L

GZ - METRES

(o]

15

HEEIl. ANGLE - DE"™.':S

GZ curves for a 100 m Vehicle Ferry.
The formulae for the minimum residual GM have the effect of providing:

(a) some allowance for a possible heeling moment due to an unsymmetrical

distribution of persons on board; and

(b) an sbsolute minimum value of GM dependent on the beam and the freeboard
after-ﬁ‘mage.
Sub-paragraph 5(c)(1)(2) corrects the ambiguity of Regulation 7(f)(i1) of

Chapter II1 of the 1960 Safety Convention and reflects the view of a majority of
Sub-Committee Members that the maximum permissible heel for final flooding should

be less than 15 degrees.
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Sub-paragraph 5(¢)(1)(3) in contrast to Regulation 7(f)(i1ii) of Chapter II
of the 1960 Safety Convention eliminates any vertical limit to immersion within
the flooded compartment or compartments, and prescribes that elsewhere in the
ship the relevant bulkhead deck at side shall not be immersed. The Sub-Committee
felt that a 3 inch (0.076 m) margin line, in association with the other

provisions of these new Regulations, would be trivial and unnecessary.

Sub-paragraphs 5(c)(iii) and (iv) specify what may seem obvious - that heel
before equalization or during any intermediate stage flooding shull not result
in progressive flooding. That is to say, it may immerse the "relevant bulkhead
deck” or even the "immersion limit line" but shall not immerse either deck or

bulkhead openings through which extension of £flooding can take place.

Sub-paragraph 5(c) (iv) leaves to Administrations to decide what stability
may be sufficient during intermediate stages of flooding. However for purposes
of uniformity in applying the Regulations, a minimum righting arm of 0.05 m

may be recommended. ¢

Reflecting the practice of Administrations with experience in dealing
with this problem, the heel before equalization or at any intermediate stage

is also limited to 20 degrees.

In regard to equalization time, it was found that the provision of
Regulation 7(e) of Chapter II of the 1960 Safety Convention was interpreted
differently. To avoid this ambiguity it vas considered necessary to specify
that the required equalization time relates to equalization to the limits
specified in sub-paragraphs 5(¢)(1)(2) and (3). At the same time, recognizing
that equalization to complete equilibrium may take éppreciably longer, it was
considered that the time to attainment of those heel limits should not be more

than 10 minutes.

Paragraph 5(d), together with sub-paragraph 5(b)(iii), defines the
conditions and assumptions under which damage stability calculations are to be
made and are amuch more explicit and unambiguous than the corresponding provisions

of Chapter II of the 1960 Safety Convention.
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{j The reduirenent concerning calculations dealing with equalization meons that.

; if a cross-comnected side tank is damaged it sholl be sssured to reach equilibriun
.ﬂ ) with the sez prior to commencement of equalizetion. Bowever, if there is sufficient
e o free arec through which water can flow such &8 lightening holes these provisions

do not zpnly.

Lol Remulction € ~ Attained Subdivision Index &

G For the purposes of Regulation 6, except as provided in sub-parzgreoph 6(2)(didii),
;3; the specificctions as to damage extent given in Regulation 5 do not apply. However,
il the longitudinal extent of damage and related extent of flooding used in calculating
L a, p and 8 should be mutually consistent and the vertical extent of dencge used

for purposes of forrmla (VIII), should be that resulting in the lecst value of s.

Under sub-peragraphs 6(a)(ii) and 6(a)(iii), even for a ship required by
{ Regulation 5 to be built to one compartment standard, if the placing of bullheads
and draught and trin are such that in o pert of the length, it is possidble to obicin
an "g" volue more than zero after flooding of two or more adjacent compertoments
urder the conditions specified therein, the contribution of such a flooding

condition to the J aps may be included.

In circunstances where sub-perasreph 6(2)(iii) epplies, the additional
contribution due to damage penetrating into the inboard spaces may also be
included., In such case formula (II) becones:

L= ap{swr - sc(l-r)]

where s, =8 after flooding of only wing coopartnents

s, =8 after flooding of both wing end inboard cocpartments.

Vhether or not sub-paragraph 6(e)(iii) applies, damoge may be assuned
as limited %o only wing spaces if “p" is token as multiplied by “r“.

Paregrophs 6(b) and (¢) contain formlee (III) and (IV) which are based
upon en enalysis of collision casualty date.
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Foroula (III) in effect assunes a danage density distribution along the
ship length approxinately as shown in Figure 2.7.

Figure 2.7
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Formula (IV), in effoct, assunes for ships wp to 200 metxres L,, that
daneges which nay occour will vary fron O to 0.24 Le in longitudinal extemt
witha nedian longitudinal extent of sbout 0,07 L‘. For ships above 200 metres !..
it assunes that the langitudinal extent of damage varies detween O and
48 petres and with a pnedian longitudinal extent of adbout 14 netree.

Pigure 2.8 illustrates the definitions of p and 1 as used in
Forulae (III) and (IV).

Paragraph 6(d). PFcroula (VIII) given in sub-paragraph (i) is an empirical
expreseion of the form

0.5
.[re me]
2
where! P. = ’1

= GMR-MMS, is the effective netacantric height flooded; and

B
- 32 tan 0, is the effective freeboard floodad;

M,

8 is the probability of survival factor.
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GURE 2,8
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This expression is desed wpan the results of danage vam'd‘l
experinants in waves and upn considerstion of probadble ocollisian cesualty
sea state as indicated Dy see canditico reparts of collided ships.

The multipliers of Formula (IX) of sud-paragraph 6(d)(i1) in effect give
"s” as obtained bty a Sirpson's integration over the range of draughts
between do and d. vhen the density function of draught distridution is taken
as triangular, uththamnmvumatdzmuthmluoatdlmdd’halr
the oaximm, That is to say, dzuutm-dtobono-tukalyanddimdd)
are asmxed each to be half es likely, as shown in Pigure 2.9

m 2.9
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The use of this assuned drauvght distridutien mnm is based upon exanination
of the ship cperating data aleo considered in respect to variations in cargo
space perceadility (already discussed).

Except as provided in Regulation 6{a)(114), Regulation 7 need not be

.applied to conventicnal ships in which the transverse bulkhsads extend fron

side to aide.

Regulation 7 provides a oeans for evaluating the safety of ships vherein
the spacing of transverse bHulkheads dounding the space or spaces indoaxd of
longitudinal wetertight bulkheads pay appreciadly axceed that of the transverse
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watertight' bulkheads separcting the outboard coupestoents,  For instance, subjec%.
to compliance with Regulation 5, and provided that the resulting "A" value,
calculated according to Regulation 7(b),is at least equal to "R", Reguletion 7
pesmits acceptance of a design having a very long inboard space zbove a water—
tight flat or deck which pust dbe et least 0.13l above the base line but noy be
below the subdivision load line. It mey be noted thet such a design is not
cccepteble under the Regulations of Chopter II of tiae 1950 Safety Cenventicr.
Regulation 7, therefore, has the effect of permitting designers icproved
latitude to adopt more efficient arrangencnts in respect to a ship's service
needs. It is enticipated that this Regulation will have particuler application
to vehicle ferries.

This Regulaticn, in effect is predicated on the assumption that flooding
of inbocrd spaces, if it occurs at all, will be duc only to side damazze
penetrating thet decp. This assuption is justified by the requirenent of
sub-paracraph 7(a)(1) for a horizontal watertight division not less than
O.'.L'Bl above the base line, which virtually assures that flooding of inboord
spaces 25 a result of botton danzge is very wunliliely.

The reduction factor "r" given by Formmle (X) is based upen exonination
¢f collicion ¢zses in which information on both donnge penetrcticn and danege
longitudinel extent was available. While danoges of pgreatest longitudinel
extent are caused by glancing inpacts and thereforec tond to hove shallow
penetrstion, excnination of the collision cases thowed that in nost cases,
greater longitudinal extent was associsted with greater penetration - that
is to szy, collisions involving grecter energy absorption. The formdae for
vr" reflects this relationship.

Ficure 2,10 illuctrates the appliccble linmits oo rejards to ship arrangenent
and Figure2.1l illustrates the definitions of 1 and b eccording to sub-
perz.xeph 7(v)(44).
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Pigure 2.10 i
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"X" 419 the least distance measured at richt angles to centreline,
from ship's side, at level of subdivieion loed line, to longitudinal
bulkhead.

If "X" is pot lg¢ss than 0,2 B, and "A" cacputed by Regulatiom 7(v)
at least equals 'R, possidle dacage to inboard space pay de
disregarded and intcard space does not require subdivigion.

If however "A" computed in accordance with Regulaticn 7(b) is less
than "R", the possidility of damage to the inboard space may de
included. In such & case, the indboard space cust be subdivided
sufficiently so that the resultant flooding does not exceed the
sinkage, trin and heel linits of Regulation 6(a)(i1i).

If "X" 19 Jgeg than 0,2 Bl ducage to the indboard space must
be assuned and such inboard space must be subdivided sufficiently
so that tho resultant flooding does not exceed the sinkage, trin
and heel linits of Regulaticm 5(c).
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Rerulation 8 = Stability Information

Regulation 8 replaces those portions of Regulaticra7(e) and (g) of
Chepter II of the 1960 Safety Convention desling with information to the
Master, Regulation 19 as it applies to passenger ships, and Regulation 20,
In so doing, Regulation 8 more specificzlly indicstes tho meture and
extent of the required infornetion. The new Rejulations accordingly do
not include the relaxation provision as contcined in Regulation T(h)
of Chapter II of the 1960 Safety Convention. -

Repulations 9-21

" Rogulations 9 to 21 replace Regulations 8 to 18, 21 =nd 22 of
Chepter IT of the 1960 Safety Convention, with anenduents as necessary
for consistency with Regulationg 1 to 8. In generzl, these anendmente
do not naterielly chanze the level of requirenents provided by the
Regulations in Chapter II of the 1960 Safety Convention.
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The information given in this part of the explanatory nocte is intended
for assistance to practising na7val architects in plamming and {n making the
calculations necessary to comply with the new Subdivision and Demage Stability
Regulations. 4lso included is a flow diagran relative thereto.

Input data
The input data fall into three cetegories, soce ceagurel directly froz
the ship's plans, the remainder calculated,

1. Data measured directly from the ship's plans,
(a) L, "midlength", B, By, §p, Ny, N, X;, Xy, 4 &nd 4.,
As oan be seen from Figure 3.1, X.l andxz for each
compartnent must be chosen so that the difference
(x2 - xl) ie a minirmn,

Pigure 3.1
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(b) Data for the relevant bulkhead decks, probedly in the
< fom of sets of co—ordinate points along the decks
comprising the relevant bulkhead decks for each coo-
partnent damage case. An indsx for each co-ordinate
point could be used to sssociate ths relevant bulichead
deck with each damage case.
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(c) Openings leading to downflooding, which could be indeved sinilarly.
Openings leading to flooded coupartments would be disrezarded for
particular danage cases,

(d) Pernmeabilities for all btut cargo spaces and tanks, established by
Regulation 4(a).

2, Information for intact ship loading conditions

(2) 4,, d,, and 4, celoulated from formlae in Regulation 3(g)(141). .

(v) leximun trins anticipated at each draft (4 to d.). The damage
sta‘bility calculations should be perforned co tha.t pz=tiou forvard
trins will be used with danages to the forward part of the ship,
and paxirmun aft trio will be used with damoges to the aft paxt of
the ship. This sssunption will provide the nost onerous conditions
regarding the relevant LHulkhead decks or downflooding openings.

(e) My for cargo spaces, cclculated in accordance with Regulation 4 (b)
or 4 (c).

3. Danooge specifications

(2) A1l one and two coopertment damages, as required for Reguletion 5,
and all additional combinations desired for inclusion in the
calculations for "A'", For the convenience of naval crchitects, it
is suggested that a systematic nunbering systen be applied to the
coobinations of compartments. A4 sample of such a system is : 10,32,
The integer refers to the aftnost damoged compartment, the first
decinal nunber refers to the nunber of compurtaents included
(10, 11, 12), and the second decinal nunber refers to alternative
floodings for the same main coopartnents (10.31 refers to damage
including a double bottom, 10.32 refers to dznage above the double
bottom),

(b) Itens for each dzmage case:
(1) compartments or combinations to be flooded.
(ii)perneabilities of tan:s (0.00 or 0.95) wmust be essuned, to
provide the nore onerous damoge condition for Regulation 5.
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(iii) index for relevani Sulkiiead deck (see 1(b))to be used for
calculation of I‘1, anc for sctisfaction of
Regulation 5(c)(i)(3) or 6(a)(:i1)(2).

(iv) index for dowmflooding openings which are sssocizted with
the dapaze case,

(v) information coatrolling the processes of intermediate stages
of flooling end cross-flooding.

Outnut data .

For the sake of having uniforn presentations of the data from various
naval erchitects, the followinz outline is recommended:

(2) Surmary of results: Gl for each intact loading condition, with the
associated draft end trin, and the "A" value. Also included: C;IIH
values if higher than those required in Regulation 5 end the resultant
"A" value,

(b) Tebles of data to fulfil Regulctions 5§ and 6, according to the following
criteria:

(1) relevant bulkhead deck cleer of the flooded compartaents not
irmnersed in the final stage of flooding.

(ii) 2zle of heel not exceeling 20° during flooding.

(iii) no progressive floodinz during flooding.

(iv) angle of heel lirited to 7° for onme-corpartnent demage and 12°
for two-or-pmore-cocpartoent damege in fincl stace of flooding.

(v) Gli in final stege of flooding not less than
0.003 , 322 . (Nl + }-12)/(dicp1acg:'nc;1t . Fl) ox
0.015 , Bz/Fl or 0,05, in metres (for Regulaticn 5).

(vi) (C‘J-ZR-I-I'IS) in final stage of flooding not less than 0,05 netres
(for Resuletion 6(d)(1ii)).

(c) Tables of dats for individual danage cases. The adainistrations
probably will require datz for righting arn curves, in eccordance with
Regulation 5(c)(iv). Thoy probably aloo will requirc dote for the
ninimun distances froo the flooded waterlines to the relevant bulkhead
decks and to the relevant dowafloodinz openings.
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PART IV - BASIS FR THE CALCULATION OF TSE SUSDIVISION LITEX A

In this pext the physical and statisticzl bachizrownd of the subdivision
index is presented. The calcwlation of the protebility of danage is developed
anG a sumnzry of the danege data statistics is given.

Finally, the developnent of the calculation of the probability thot z

Cezoged ship will not ecpsize or sink is denonstrated,
1. Introduction

The .ttained Subdivision Index A is Dased on the concept of tie wobabilit:-
of survivel of the ship in case of collisiom.

In order to develop this concept it is asgumed that the ship is demzged.
Since the location and size of the damege is randeon, it is not possidle to
state which part of the ship becomes flooded. Houcver, the probability of
flocding of a space can be deterriined if the probebility of occurrence of
certain daccges is known: the probability of flooding a space is equcl to
the provability of occurrence of all such dancges which just open the considered
space. Thereby & space is & part of the volunie of the ship which is bounded

br widezzged watertight structursl divisioos.

Next it is assured thet a certain space is flooded. In eddition to
sone invarizble choracteristics of the ship, whether the ship can survive
flooding depends, in such a case, on the initisl drewght and &I, the
permeability of the space and the wezather conditions, which ere all randon
at the tine when the ship is danoged. Provided tha* the liniting canbinations
of the aforenentioned varizdbles and the protobility of their occurrence are
lnoun, the probability that the ship with the considered space flooded will
not capiize or sink can be deternined.

Th; probability of survival is the sun of the »xzoducts for each
compartoent oxr group of coopartnents of the probability that a space is
flooded multiplied by the probadbility that the ship will not capsize or
sink with the considered space flooded.
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Mthouch the ideas outlined above are very simple, their practical
application in an exact penner would give rise to several difficuliizs, For
exarple, for an extensive but still incozplete description of the danage its
longitudinal ard vertical location as well zs8 its longitudinal, vertical znd
transverse extent is necessary. Apart fron the difficulties in handling such
a five-dinmensionel randon variable, it is impossible to deternine its

probatility distridbution with the presently availleble dzpzge stetistics.
Similar conditions hold for the variables and physical relationships involved
in the czleulation of the probability that 2 ship with e flooded space will

not copsize or sink,

In oxder to ocke the concept practicable, rather extensive simplifications
ore necessary. Although it i3 not possible to calculate on such a sizplified
base the exact probability of survivel, it is possible to develop a useful
cocparctive neasure of merit of the longitudinel and troncverse (but not
horizontal) subdivision of ships.

2. Determinotion of the Probability of Flocding of Ship Spaces

(2) Consideration of longitudinal damage location and
wtent only.
The sicplest case is to consider only the locaticn and lencth of denoge
in longitudinal direction, This would be sufficient for ships with no
longitudinal and horizontal wetertight structural divisions,

With the dan~ge location x ond dansge length y os defined in Figure (.1,
ell possidble damages can be represented by points in ¢ triangle which is ealso
shown in this fipure.

411 dazages which cpen single cocpartcents of length 1 are represerited
1n Ficure 4.1 by points in tricngles vith the base 11. Triuncles with the
bose 1, + 1J (where § = 1 + 1) enclose points corresponding to danages
opcning either compartrient i, or corpartment i, or both of themn., Correspondingly,
the points in the parcllelsgren i represent damages which open both the

compertnents 1 ond J.
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DISTANCE OF THE COMPARYMENT
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Damage location x and damage length y are ranlon variatles. Their
¢istribution density f(x,y) can be derived from the damaze statistics.
The meaning of f(x,y) is as follows (see Figure 4.2); the total volume
betiieen the x-y plane and the surface given by f(x,y) equals one and represents
the probability that there is damage (this hes becn assumed to be certain).
The volume above a triangle corresponding to damages which open a compartment
rezresents the probability that this compartzment is opened. In sirilar panner
for all areas in the x-y plane which correspend to the opening ¢f compartnents
or groups of compartments there ere volunes which represent the probability
that the congidered compartments or group of compartnents ere opened.

" The protability that a coopartment or group of adjacent compeartments is
opened can be expresscd as a.p., where & and p azc to be czlculated according
to the forrmlze given in Regulation 6 (fortmlaze (II) to (VII)) of the nev
Regulations.

Consideration of danage location x and dammge leasth y only would dbe
fully correct in the case of ships with pure transversc subdivision. There
are, however, no such ships, they hzve at least a double bottou. In such a
case the probability of flooding a comportment chould be split up into the
fclleoving three cccponents: probebility of flooling the double botten orly,
probability of flooding the space above the double botton only and probability
of flooding both the space above and the double botten (cee figure 4.3). For
erch of thesc cases there may be a different probability thzot the ship will
survive in flooded condition., A way out of this dilerma, vhich has to be uscd
in applying the mnew rezulztions, is to assunc thet the most unfevourable vertical
cstent of domage (out of the three possibilities) occurs with the totcl
probability 2.p. Thercfore the contribution to survival probability made by
nore favourable cases ic meglected. That the concept is ctill nmezningful for
coupeyative purposes follows from: the fact thot the error pade by neglecting
favourable effects of horizontal subdivision is not great and the moxrc important
influence of longitudinal denmage location and extensica is fully covered.

Saue examples for dealing with other cases of horizental subdivision cre
given in Appendis: I.

e . . o
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(b) Consideration of damage penetration in addition to longitudinel

danage location and extent.

Vith the sicplifying agssunption thot the danzze is rectanmular and
neglecting again its vertical extent, it can be described by the darase
location x, the danage length y and the doncge penetration z (see Pizure 4.4).
Thege variables can be represented in a three dinensional oocordinate systen
zs showm in Figure 4.5. Each point in the prisn with triznguwiar dec
cepresents a darage., All Cermagec which open a side coopartrent correspens to
the peints of 2 snmaller prisn with heicht b equzl to the distance of the
lenzitudinel bulkhead from the chip sice, which is crected above a2 triangle
wvith the base li equal to the length of the consicered cide capartnernt.

It is not difficult to identify in Figure 4.. the voluues which corvespond
to such danage which flood other pcxrts of the ciiip bounded by transverse
and longitudinal weterticht structural sulbdivisions.

Deriage loecction x, conoge length ;r and daiage penetration z are randon
veriables, The distribution density £(x,r,2) czn be Cerived from the damage
statictica. Thisz distribution density cci be illustroted by assuning it to
be a density vhich varies frou point to point of the volune shown in
Fizure 4.5. ‘The "weight" of the totzl volume is one cnd represents the
probability that there is a darage (which is ossw:ed to be certein). The
weight of o partial volune (representi.n:; the flooling of certain spr.ces)
represents the probability that the considereld spaces are opened.

The probability that & side corpartuent 1s opencd cean be expressed as
c.D.T., where & and p ere to be calculated according to formmlsze (II) to (VII)
of Regulation & and r zecording to formula (X) of Reglation 7 of the new

- Regulations. The probobility that o centre comportiient in addition to ¢

side cocportnent is opened can be expressed s c..;o.(l - r).

Sovue examples for the calculation of the prodbability thet sile or zice
end centre spaces exre opened ore given in Aprendix II.

Aczin it 18 to be stated that the probability ccleculated on the base of
the simplifying assurption nmentione?d before is r-* exact. llevertieless it
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tives a couparative mecsure of how the probobility of opening spaces depends
o transverse and longitudinal structwral subdivisions, vhick talies accownt
of the nost essential influences and nezlects secondery effectc only.
l'ejlecting the randon variation of longitudinel end transrerse daccoge extent
would be a much graver error than that which is caused by neglecting
secondary effects.

z, Demame Statistics

(2) Source of data.

. The following considerations are basel oca the information contained in
variovs IIICO docunents. They cummarize casuzlty dota reported to IMCO on
€11 danage caris. There ere 296 czses of rammed ships which contzin
inforration on each of the following characteristics:

Ship length L

Ship brezdth B

Donege location x
Dancge length y
Danage penetration z.°

In oxcCer to orit inconcistencies of the recults derived frcz the date,
vhich pay be caused by the uce of different scoples, the folloving invectigations
have been bosed only on the aforenentioned 296 cascs. However, adlitional
investizztions have been made using also the infornmation given for other cases.,
Despite the randoo scatter which is to be expected because of the use of
(ifferent sanples composed in rendon, they lezd to the same conclucion,

For the investigation of the dependency of dsoraze length on the year of
collision a different sanmple, including 209 cases in which L, y and year of
collision exe given, hud to be used.

(b)' Geancoral considerations on danage exttencions.
Cormior. sense dictatos that danmage extent depends ons
(1) structural characteristice of the rarmed ship;

(11) structural cheracteristics of the rarming ship;
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(111) reoss of e zozoed ehip

{4v) rass of the ramming ship
: at tize of collision
(v) speed of the rared ship

(vi) epeed of the romming ship
(vii) relative course angle between rarmed and rarrcing ships
(viii) locztion of damaze relative to the ship!s length.

Fron the point of view of the rzmed ship only iten 1 is determined; all
cther itens cre rondoz. JAn investigitian of the dsrage length of ships with
different rusbers of lcocks hos shoun tinct thiore is 2o sismificant i-fluence.

This doos not prove that there is no influemce. It is,howvever, valid to conclude
thet the influence of structurzl characteristics is rather spall. It therefore
ccers Justified to neglect this influence.

The cass of the rarmed ship depends cn its size and its lcaling condition.
The influence of the latter is snall, especially for pocsenger chipc. For the
patter of siplicity it hos been neglectasd, To zccouat for the cize of the rorred
ship, darage length has been related to the ship length znd damage penctrztion to
the chip breadth.

The following will shovw that the cdoncge length does not depend significantly
cn the place in which it occurs in the chip's leug'th. Fren this it is concluded
that the demage extent does not Zepend on the locction of the docmare cexcept at the
ship enls vhere daziage length is bounded accordins to the definition of da—age
locetion as the centre of the canzge.

Scoe corments on the nacs of the rarming ahip are given below,
(¢) Distritution of demc-e lencth.

Prelicinery investisaticns have led to the cenclusion that the
Cistribution of the ratio danege length to ship length y/L is approximately
infenendent of the chip lerngth. 4 proof will be given telow. Aa a

* consequence y/L can be tzken as independent fron L.

From theoretical considerations (using the central limit theorem) it follows
that y/L + sy (where ¢ is a constant) is approximately log-normal distributed.
This is proved by Figures 4.5 and 4.7, which show gocd agreement between the log-
normal distributicon function and distribution densitv on the one hand and the

corresponding results of the damage statistics.
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Figure 4.8 chows the recression of ¥/L o L for L < 200 & (five damzyes
belonz to ships with L > 200 u). The resression line hos 2 sn2ll negztive slope
vhich proved to be insignificant. That neens theot it pey be caused by samples
taken at randon. There night be 2 small dependence of y/L on the ship length,
but it is so snall that it cannot be derived fren the given scople. It is
therefore certainly no grave error to essuae y/I to be indeperndent of ship
sizz for L 200 =,

An e:planation of this independence night be thzat snall vessels ere nore
liltely to neet nainly sma2ll vessels and lerge vessels cre nore liltely to neet
nainly lorge vesselc., However, this reasoning connct be extended for very
lorze vessels becouse of the smell total nunber of such ships. Because of the
very few damage casec concerning ships with L > 200 o nothing can be said about
the damage distribution of such ships., It seens reasoncble to assuie 28 an
epproxinetion for ships with L >200 u that the redien of the dznege length
is canstant and equal to the nmedian for L = 200 m. The lattcr equals
200 . (y/&)so, vhere (y/i,)50 ic the median of the non-dinmensional darzge
length for ships with L = 200 &,

The rogression of the non-dinencional czmzge lensth y/L on the non-
¢inensionczl danage location is shown in Figvre 4.9s It shous thot there is no
significant difference between the dannze cictributions in the forward and aft
helf of the ship, but simple geonetric reczcning inciczles that the danage
lencth at the ends of the ship - forward cs vell as aft - is linited to snsller
vclues than in the centrzl part of the ship. Therefore the log-normal distributicn
found for all values of y/; - independent of domoge location - is the marginal
distribution. The ~orresponding conditionzl dictribdution of y/L on the
condition thet the damape location is given Cocs not need to be considered
ag for the practical application an appro:ination vill be used, which allows
establishnent of a very cimple relationship betueen the conditionzl and
pargincl danage length distribution.
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(@) Dependence of dacage lencth en year cf eollisicn.

Increesing speed and eize of ships during recent years suggests that the
zveraze esize of dacage in czses of collision also ic growing., In order te
investigate this presunption a regrescion anzlysis of the logarithn of the
nor-3icensional donage length on the year of collision has been rmade. The
result is shown in Figure 4.10. This figure shows z significant positive
sicpe of the resression line, which proves that, cn avercge, the dezcre

length increases with tine.

It therefore seeos wise not to use the distridution which results frca
all decage data independent of the year of collision, ALssuting that the
varizcnce about the regression line is constant it is pessibtle to derive frn
the regression analysis the distribution function of tie non-dinensionzl
darage length for any arbitrarily chosen year; such a functicn is deternined
by the nean (which 15 given by the regression line) and the variance about
the regression line of the logerithn of y/L +E Secc zzples are given in

Fimures 4.11 and 4,12,

y.

(@) Diotritution of demage panetraticn.

Sizilar considerzticnc ae in the case of the dazzpge lerncth lez? tc the
conclusion that z/B + £, is approxinately log-norczl distributed and does not
depend on the ship size, which in this connexion is represented by thec breadth B

of the ship. Figures 4.13 and 4.14 ghow the ool agreecent between the log-normal

distribution and the corresponding values obtained fron the danage statistic.
Figure 4.15 proves that there is in fact no sicnificant dependence of z/B on B,

Lo to be expected, there ie a strons correlation between z/B and y/l.
Figures 4.16 and 4.17 show that z/B increzses in the average with increaesing
3.L. The joint distribution of the logerithn of (y/L & y) and (z/B +¢,)
is a bivariate normzl distribution. Fron thet distribution the cenditional
distritution of 2/B on the condition that the damage length assures certain

values y/L can be derived.
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(£f) Distribution of darege location

Inspection of the histogran (Figure 4.18) of the non-dinensional damage

locztion shows thot damages in the forwzrd half of the ship ere core frequent

A . - than in the 2ft part. No explanzation can be offered for the pecls of the
E“ * histogran 2t about x/L = 0.45 and x/L = 0.95, except that they are randon
h because of the linited sarple.

P

Becaouse the danoge location is defined as distance frovo the aft tercinal
of L to the centre of the damapge it alweys has a2 distance of y/éL froo the ends
2 of the ship. Starting with a sicple essunption for the conditionzl distribution
‘;i of x/L on the condition thzt y/i assunes certain values, the parginzl distributicn
' density which is shown as curve in Figure 4.18 hos been derived. The correspond-
ing distribution function is given in Figure 4.19.
4. Deterninction of the Probability that a Donmamed Ship will zct

Capgize or Sink

(a) Criterion for capsizing and sinking.

It is not pessible at the present state of Inowledge to deternine with
any degree of accuracy criteria for copsizing of ships in waves., However, it
is possidble to get 2 sicplified relationchip which takes into account anly r
certain porareters ond disregards others.

In order to establish a relaticnship betwecn relevant factors and
eritical wave height £t which a ship capsizes, nodel testc conducted sepaxately
in the United Kinadon and the United States of Lnmericza were enalyzed.

In both of these set of tests it wes noted that for any civen sez state
and freebocrd the craticel range of G within which capsizing or survival was

@ uncertain wac quite narrow  Consequently it was concidered Justifiable to
trcat the yelationship as deterninate cven thouch sone degree of randommess nay be
present, espociclly in natural sez conditicns.

Froo the results of the model tests it wzgc decided to use GM and
= effective freeboard rather than righting ern. Observotions in the codel
:ﬁ. tensts showed that in eococ caseo there could be andbijuity as to the effectiveness

et mlal AT e al s s Al . aa Al alm sl A A .4 am . .. j
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cf the righting arms dependent upon the direction of heel and upon
structural arrangerents. The codel tests further showed that the cinicun
rizhting arn required for survival relative to weves varies in a cerplex
rznner with freebocard.

The racults of the codecl tests showing the relationship between GM,
sitnificant wave height and freeboard are given in Figure 4.20,

Supplccental codel experizents showed that for zny civen sea stzte the
Gli necessary, in association with any given frectoard, is approxinntely
Proportionzl to the ship's breadth.

;; The Figure shows that GIf and frecboard alone are not fully sufficient to
u; detercine the critical wave height. Nevertheless the critical weve height
. czy be expressed ac a functicn of freeboard, GH znd brezdih:
GM_F
= £ (—-3)
B /3 eritical b,

whecre: Fe is the effective freeboard after darzge including an allcuance
both for the virtual increace cf freebcard due to erections or

sheer and for a decrease of freetoard due to heel;
GM; ig the effective rmetacentric heicht flcoded; 2nd

32 is the extreme roulded breadth at =idlength of the

bullzhead deck.

Requiring that the deck of the undzraged part of the chip is not sutcerged
is coneidered a reasonsble criterion thet the ship will not sink due to lack
of buoyency.

DA . A0 e e "
N S .
~‘ . ..

(v) Wave heisht distribu*icn

Fron the sea condition reports of collided ships ccntained in IMCO
Casualty dat2, the distridution of wave Beichts hes been derived. Figure 4.21
shews this distridution. It ooy be noted thot this distribution of wave
heights shows very low wove heights associated with zpprec able values of

prodability. This is beczuse celrs were reported in rany cases., It is
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possibie, however, that sczll waves cr swell rcy actually have been present -

{
[
-

end therefore that nore ecccurcte information would have resulted in

porevwhat greater wave heights at those probobility levels., [Llso, independent
of sca conditions, ships are subject to other sources of heecling poments

such as unsyrmetrical distribution of persons, tankage, etc.

Therefore a slight nodification of the distribution appeared to be in

order,
(c) Draught and perneability distribution.

Ls Yackground information, cargo loading datz for 16 ships involving
- a total of 569 departures plus arrivals was analyzed in order to find the
distribution of draught and perneability.

Exanination of thewe data indicates thzt the average of ti.« cargo space
perneabilities varied with draught in a logicel panner.

For ships having a small range of operating draughts (due appreciably
or principally to variations in tankage), the likelihood is hish thet cargo
spaces may be only slightly occupied or empty even when the draught of the
ship is near ds. On the other hand, for ships having a greater range of
operzting drauchts there is grecter liltelihocd thzt soze of this draught
range will be due to variations in cargo and thereforc that cargzo spaces
ray te occupied by some cargo at any drausht. 4t the scce tine, for any
Given ship, the possibility increases that the car;o spaces may be only
poertizlly filled or eopty, as the operating draurhi decreases.,

For the purposes of sinmplicity only the rargirel distribution of the
drauzht is used. ThLe variation of perreability is taken into account by
using the average dAependency of perrceability on draught.

Paken as a whole it appeared that the draucht distributicn dencity nay
be asouned triangular with its paxioun value at & +'§ (ds - do), where d
is the lightest service operating draught and ds is the subtdivision drausht,
see Figure 2.9. The average relationship betweon permezbility end draught
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i is given in new Rogulation 4(b). Figure 4.22 shows, for two of the sacple ships,
¥ how their pernmeabilities compare with the permeabilitics given by the foroula,

;| (d) Deternination of tha probvability of not capsizing or

n einking,

The probabdility that & chip with a given GM end freeboard will not capsize
is equal to the prclability that the critical wave height related to these
paraneters is not exceoded, Thorefore tid probebility s that a ship will not

capsize can be derived froo the wave hoicht ddstribution, A siople approxication
of this probability is: ‘

T

F o GI'T‘a }
8, = k 3 * but not mors than 1.0
2

i . .:. ! : rfr'l 1" r"a'v P ’d.

In the intercat of ccsparing the recults of this fermula with the modeol
experinents, the following infornaticn for probabilitios near 1.0 and 0,5 ia

_' glven:
b

COMPARISON BETWEEN UK/US MODEL TEST AND FORMULA GM'S RELATIVE TO SAFETY
(MODEL GM'S ARE THE MEAN OF ‘HE WINDWARD AND LEEWARD RESULTS)
U.K. TESTS U.S. TESTS
SHORT VOYAGE VEHICLE FERRY LONG VOYAGE TYPE SHIP
111.0 (Lg)x 16.78 (By)x 5.65 (D) 170.0 (Ly)x 23.17 (B1)x 13.6 (D)
GM REQUIRED GM REQUIRED
Fo ACCORDING TO: Fe ACCORDING TO:
Si (metres) (metres)
MODEL FORMULA MODEL FORMULA
TESTS TESTS
1.190 0.45 0.58 1.330 0.77 0.71
0.99 | 0.690 1.05 0.99 0.830 1.11 1.14
a 0.266 2.45 2.58 0.406 1.72 2.33
! 1.190 -0.15 0.19 1.330 0.03 Q.18
- 0.50 || 0.690 0.05 0.25 0.830 0.08 0.29
Ei 0.266 0.35 0.66 0.406 0.16 0.59
}} The probability that the ship will sink dus to lack of buoyanoy is taken
:f into scoownt by asquzing 8, = 0 in all ceses vhece ibe deck of tie wnlazaged
ii pars of the ship s s .~arged,
L...
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5. Calculation of the e-value

The formula for s { gives only the probability at a given draught and GM.
It is necessary to obtain the composite probability for all combinations of
draught and GM, For purposes of simplicity the random variation of GM in
sorvice is neglected and only the required Gil as a function of draught is
used.

The s-value for the complete range of draughts is obtained by integrating
the product of 8, which is a function of draught and the distribution density
of drapght over the draught range.
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IPoTDIN I

TRAVSVZRSE SUBDIVISION

1. Figure 4.L.1 attached hereto shows two compartneats naned A and D.

E. Compzrinent . is divided by local subdivision into the soaces .’.1 and 4".2.
t' For the purpose of calculating the products a p s vhich contribute to the
N

‘ ettained subdivision index the following fictitious compartsents and groups
= of coopartments have to be considered:

(1) compertuent 1 of lenzth 1, : D based on 1,
8 based on flooding of space L

1
( (2) compartment 2 of leagth 1, : ©p bosed on 1,
s based on flooding of snoce 1‘.1 only or
of 4

> only, or of A1 and ."'.2, vhichever

results in tie least s~value

(3) compartment 3 (or B) of

. lenztk 13 H » based on 13
- s based on flooding of compartzent B
A

A &
r
MY

(4) coupartoents 1 + 2

p based on 11 and 12
8 besed on flooding of A1 or of 1.1 and
A2, whichever results in the lecs' a-rls

(5) conpartnments 2 + 3 : p based on 1, and 13
s based on flooding of 1‘.1 and ‘12 and B or
Q of A1 and B or of A2 and B, whichever
. . recults in the leest s-value

(6) compartnents 1 + 2 + 3

a0

P based on 1.', 12 and 13
£ besed on flooding of .‘.1 end B or of
A, end A

1 2
lers: pevalue

and B, whichever results in tie
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. 2. It would be elso compatible with the new Regulztions to ignore the local

Y
-'.\_; subdivision with respect to the calculation of the p-velue. In this case
h R the following cozpartnments and group of compartaents have to be considered:
PO
L (1) coupertment A of length 1, = 13 +1, ¢ p based on 1
R 8 based on flooding of space 4q

or of space i, or of spaces I3
erd I‘.z, whichever results in the

leasi g-value

(2) compartment B of length 1s: p based on 1
3 3
8 based on flooding of
conpartnent B
(3) compartments 4 + B: p based on 1, and 1;

8 based on flooding of L1 and B
or of 4 and B or of A4 and A,
and B, whichever results in tlhe

least s-value

3. Obviously the approach given in paragraph 1 ebove will generally lead to
.8 higher (but a% lezst the sane) attainei subdivision index: then the
approach of paragraph 2., Also, the error nade by neglecting the actual
distribution of damege in the vertical direction is much srialler ir the
first case.

4. inother example of local subdivision is shown in trne attached Fig. 4..2.

The following table illustrates how this case can be handled.

PP VR S SR RSP A ST S S SR Y a ST R W S WAL W T WNs SN DAE AP 1 ,A
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APPENDIX II

I. Conbined transverse and longitudinal subdivision

Provisions have been included in the new Regulations which permit
evaluation anl acceptance of ships with coubined longitudinal and
transverse subdivision.. It gesms that a full understanding end
correct and uniform application of the new provision nay be
facilitated by sonme illustrative meterial. It is based on two
different esrrangenents of conbined longitudinal and transverse
subdivision as showa in Fig.4.4.3, and 4.A.4, appended hereto,

The following nomenclature will be used:

11. 12, 13..,.. distances between bulkheads bounding either
inboard or wing compartments as shown in
Figares 4.A.3 and 4,A.4,

112 = 11+12; 123 = 12+13; 134 = 13*14 etc,

11_3 = 1q9+1p+13; 12_4 + 12+13+14 etc,

12_5 = 12+13+14+15; 13—6 = 13+14+15+16 etc.

7.:1,1>2,p3 etc., are p calculated by formulae (IV) x)
using 11,12,13 etc., as 1

etc. are p calculated by formulae (IV) x)
using 112, 123, 134 etc, as 1

x) a8 given in the new Reémla.tions
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 aand SuEE SN Aman-u sead Sl

Py_3P3 4 ete,

p2_5,p3_6 ete.

r1 ,rz,r3 etc.

r12,r23,r34 etc.

r2-5’r3-6 etc.

ere p calculated by formulae
using 11_3, 12_4 etc, ga 1

are p calculated by formulae
using 12-5'13-6 etc., as 1

are r calculated by formulze
using 11,12,13 etc.
es 1 and b as defined in the

following the aforenmentioned

are r calculated by formulae
using 112,123,134 etc,

as 1 and b es defined in the

“sllowing the aforenentioned

are T calculated by formulae
using 12__5, 13—6 ete.

as 1 and b as defined in the
following the aforementioned

a8 given in the new Regulations
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II. Recusses (Resulation 6(a)(iit)

1. Rececses to de dealt with in accordance with Regulation 6(a)(iii). ,
However, the provision of Regulation 7 may be applied if necessary. *
This will be dencnstrated using the exanple shown in Fig.4.d.5.appended
hereto.

2. The following nomenclature will be used:

14012015 o5 shovn in Fig. 4 A.5

24 on.!\} are » calculated by foroulae (IV)x)’ using
11.12,13 ag 1

:’12,p23 are p calculated by foromulae (IV)x)’ using

11-0»12 and ].2-0-13 es 1l

Pi23 is p caloulated by fortmlae (I?)x)’ using
].14»].2'*13 as 1

r, is © calculated by formlae (X))’ using
11 as 1 and b as showm in Fig.d A.5

T, 1a T caleulated by formlae (X)) using

lzule.ndbushowninl-‘ig.A.A.S .

TyprTp3  aTe r calculated by formulae (x)_")' using

114»12 as 1 end b as shown in Fig.4 A.S

%423 is  culculated by formulae (x)")' using
114-124-13 28 1 and b a3 shown in Fig.4 A.5

x) as civen in the new Regulations
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- INDEX TO SERIES

. Nol. Tictle Report No. Cost
.. 1 SQUAT USCG-CITS-71-1-1  $3.75
: . on MANEUVERING & STOPPING USCG-CITS-71-2-2  $4.00

111 Code of Safety for Fishermen and USCG-CITS-73-1-1 $5.00

Fishing Vessels - Part B

SAFETY AND HEALTH REQUIREMENTS
FOR THE CONSTRUCTION

AND EQUIPMENT OF FISHING VESSELS

Iv Regulations on Subdivision and USCG-CITS-74-1-1 $4.50
Stability of Passenger Ships as
Equivalent to Part B of Chapter Il
of the INTERNATIONAL CONVENTION
FOR THE SAFETY OF LIFE AT SEA, 1960

' Note: Additional copies of this and previous volumes are available from the
¢ National Technical Information Service, 5285 Port Royal Road, Springfield,
VA 22151 at above cost per paper bound copy or $1.45 in microfiche.
When ordering, use title and report number.
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3. Application of provisions of Regulation 6(a)(iii):

Spaces to be considered p-factor to be used for calculating

flooded for s-calculation contribution to attained subdivision
{iandex

A P=P) T

B P =Py

A and B

P™Ppa3~P12T%12°P;

4. Application of provisions of Regulation 7:
A P =Py T1p + Py (L-1))
B P >P3

A and B P=P123 - P127%12-0P (1-r)) - p3

»w
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111 Code of Safety for Fishermen and USCG=-CITS-73-1-1 $5,00
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kX SAFETY AND HEALTH REQUIREMENTS

i FOR THE CONSTRUCTION-
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. IV Regulations on Subdivision and USCG-CITS-74-1-1  $4.50
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