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1. PURPCSE. The purpose of this Circular is to pronul gate
International Maritime Organization (I M) Resol ution

A. 684(17), "Explanatory Notes to the SOLAS Regul ati ons on
Subdi vi si on and Damage Stability of Dry Cargo Ships of Over
100 Meters (328 feet) in Length."

2. BACKGROUND.

a. In 1985, the Maritinme Safety Conmttee (MSC) of the I MO
instructed the technical Sub-Conmttee on Stability and
Load Lines and on Fishing Vessels Safety (SLF) to devel op

a subdi vi si on and damage stability standard based on the
probabilistic analysis nethod. The standards that were
devel oped are based on the research work done for the
probabilistic rules for passenger ships (I MO Resol ution

A 265(MI1)).

b. MO Resolution MSC. 19(58), "Regul ations for the Danmage
Stability Requirenents of Dry Cargo Ships," becane
effective on February 1, 1992, as an anendnent to the
International Convention for the Safety of Life at Sea,
1974 (SOLAS). The U.S. Coast Guard published a final

rule (58 FR 17316) on April 1, 1993, which adopted this

i nternational standard into 46 CFR Part 174.

c. The SLF Sub-Committee devel oped the consolidated text of
t he expl anatory notes to the regul ati on on subdi vi sion

and damage stability of dry cargo ships which was

publ i shed as Resol ution A 684(17).

3. DI SCUSSI ON.

a. The probabilistic approach of the regulations takes into
account the probability of various extents of danmage
occurring anywhere along the ship's length and the

resulting flooding. At the same tine it takes into

account the probability that the ship will survive the
damage given its stability and draft. This provides a

rati onal nmeans of assessing the safety of ships, where
flooding is concerned, no matter what their arrangenents

m ght be. For instance, a ship nmay be designed with

| ess subdivision in part of its length, provided it has



addi ti onal subdivision in areas shown to have a higher
probability of damage. |In this respect, it frees
designers and operators from unnecessarily arbitrary
restrictions on arrangenents.

b. This Grcular is initial guidance for the marine
shi pping i ndustry, ship designers, and the U S. Coast
Quard. As experience with the probabilistic method is
gained this information will be updated accordingly.

c. Any questions concerning the regulations on subdivision
and damage stability should be directed to the U S

Coast Cuard's Marine Safety Center (MSC). The MSC wil |
review all questions fromthe civilian marine industry
concerni ng the new regul ati ons on subdivi si on and damage
stability and will consult with the U S. Coast Guard's

Mari ne Technical Hazardous Materials Division if further
clarification is necessary.

4. | MPLEMENTATI ON.

a. Enclosure (1), I MO Resolution A 684(17), has been
promul gated as international policy to assist
interpretation of the SOLAS regul ati ons on the

subdi vi si on and damage stability of dry cargo vessels
i ncludi ng Ro/Ro ships of over 100 nmeters (328 feet) in
| ength. These explanatory notes shall be used in
conjunction with both part B-1 of chapter zz-1

of SOLAS 1974 and 46 CFR 174.
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Resol uti on A 684(17)
Adopt ed on 6 Novenber 1991
(Agenda item 10)

EXPLANATORY NOTES TO THE SOLAS REGULATI ONS
ON SUBDI VI SI ON AND DAMAGE STABI LI TY
OF CARCO SH PS OF 100 METRES | N LENGTH AND OVER

THE ASSEMBLY,

Recalling Article 15(j) of the Convention on the International Maritinme
Organi zati on concerning the functions of the Assenbly in relation to
regul ati ons and gui delines concerning maritine safety,

Recal ling further that by resolution A 265(VIII) the Assenbly adopted
regul ati ons on subdivision and stability of passenger ships, which may be used
as an equivalent to part B "Subdivision and stability” oil chapter 11-1 of the
1974 SCLAS Conventi on,

NOTI NG that by resolution MSC 19(58) the Maritinme Safety Comrittee at its
fifty-eighth session adopted anmendnents to the 1974 50LAS Convention to

i nclude, as part B-1 of chapter I1-1. Regul ations for subdivision and damage
stability of cargo ships which apply to cargo ships of 100 min [ ength and
over,

Not hing further that the Maritine Safety Commttee, in adopting the above
anendnments to the 1974 SOLES Conventi on, recogni zed the necessity of

devel opnent of appropriate explanatorv notes for inplenentation of the
regul ati ons adopted, in order to ensure their uniform application

Havi ng consi dered the recommendati ons made by the Maritime Safety Committee at
its fifty-ninth session,

1. Adopts the explanatory notes to the SCOLAS regul ati ons on subdi vi si on and
damage stability of cargo ships of 100 min I ength and over set out in the
annex to the present resol ution;

2. Invites Governnents to apply the expl anatory notes when inplenenting the
regul ati ons for subdivision and damage stability contained in the anendnments to
chapter 11-1 of the 1974 SOLAS Convention adopted by resol uti on MSC. 19(5S)

Annex

EXPLANATORY NOTES TO THE SOLAS REGULATI ONS
ON SUBDI VI SI ON AND DAMAGE STABI LI TY
OF CARGO SH PS OF 100 METRO I N LENGTH AND OVER

These expl anatory notes are divided into two parts. Part A describes the
background to the nethod used while part B contains expl anati ons and
anplifications of individual regulations.



In this part of the explanatory notes, the background of the subdivision index
is presented and then the cal culation of the probability of danage is
devel oped.

Finally, the devel opnent of the calculation of the probability that a damaged
ship will not capsize or sink is denonstrated.

1 | NTRCDUCTI ON

The SCOLC regul ati ons on subdi vi sion and damage stability, as contained in part
B-1 of SOLAS chapter 11-1, are based on the probabilistic concept which takes
the probability of survival after collision as a neasure of ship's safety in

t he danaged condition, hereinafter referred to as the "attained subdivision

i ndex A"

This is an objective neasure of ship safety and therefore there is no need to
suppl enent this index by any determnistic requirenents. These new regul ati ons,
therefore, are primarily based on the probabilistic approach, with only very
few deternministic el ement- which are necessary to nmake the concept practicable.

The phil osophy behind the probabilistic concept is that two different ships
with the sanme i ndex of subdivision are of equal safety and therefore there is
no need for special treatnent for specific parts of the ship. The only areas
whi ch are given special attention in these regulations are the forward and
bottom regi ons which are dealt with by special rules concerning subdivision
provi ded for the

cases of ramm ng and groundi ng.

In order to develop the probabilistic concept of ship subdivision, it is
assuned that the ship is damaged. Since the |ocation and size of the damage is
random It is not possible to state which part of the ship becomes fl ooded.
However, the probability of flooding a space can be deternmined if the
probability of occurrence of certain damages is known. The probability of

fl oodi ng a space

is equal to the probability of occurrence of all such damages which just open
t he consi dered space. A space is a part of the volume of the ship which is
bounded by undanaged watertight structural divisions.

Next, it is assumed that a particular space is flooded. In addition to sone

i nherent characteristics of the ship, in such a case there are various factors
whi ch influence whether the ship can survive such flooding; they include the
initial draught and GM the perneability of the space and the weat her
conditions, all of which are randomat the tinme when the ship is danaged.
Provided that the Iimting conbinations of the aforenentioned variables and the
probability of their occurrence are known, the probability that the ship wll
not capsize or sink, with the considered space flooded can be determ ned.

The probability of survival is determned by the forrmula for entire probability
as the sumor the products for each conpartnent or group of conpartnents of the
probability that a space is flooded nultiplied by the probability that the ship
wi Il not capsize or sink with the considered space fl ooded.

Al t hough the ideas outlined above are very sinple, their practical application
in an exact manner would give rise to several difficulties. For exanple, for an
extensive but still inconplete description of the damage, it is necessary to
know its longitudinal and vertical location as well as its |ongitudinal



vertical and transverse extent. Apart fromthe difficulties in handling such a
five-di mensi onal randomvariable, it is inmpossible to determne its probability
distribution with the presently avail able damage statistics. Simlar conditions
hold for the variables and physical relationships involved in the calcul ation
of the probability that a ship with a flooded space will not capsize or sink

In order to nmake the concept practicable, extensive sinplifications are
necessary. Although it is not possible to calculate on such a sinplified basis
t he exact probability of survival, it is possible to develop a usefu
conparative neasure of the nerits of the longitudinal, transverse and

hori zont al

subdi vi si on of the ship.

2 DETERM NATI ON OF THE PROBABI LI TY OF FLOODI NG OF SHI P SPACES
2.1 Consideration of |ongitudi nal damage | ocation and extent only

The sinplest case is to consider the |location and | ength of damage in the
l ongi tudinal direction. This would be sufficient for ships with no | ongitudina
and horizontal watertight structural divisions.

Wth the damage | ocation x and danmage length y as defined in figure 1, al
possi bl e damages can be represented by points in a triangle which is also shown
in this figure.

Al'l damages whi ch open single conpartnents of length |; are represented in
figure 1 by points in triangles with the base |I,, Triangles with the base |;,
+lj(where j=i+1) enclose points corresponding to damages opening either
conpartnment i, or conpartnent j, or both of them Correspondingly, the points
in the parallelogramij represent danages which open both the conpartnents
and j .
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Encl osure (1) to N\MIC 4-93

Damage | ocation x and damage |l ength y are random variables. Their distribution
density f(x,y) can be derived fromthe damage statistics. The neani ng of f(x-y)
is as follows (see figure 2): the total volune between the x-y plane and the
surface given by f(x,y) equals one and represents the probability that there is
damage (this has been assunmed to be certain). The vol une above a triangle
correspondi ng to damage whi ch opens a conpartnment represents the probability
that this conmpartnment is opened. In a simlar manner for all areas in the x-y
pl ane whi ch correspond to the opening of conpartments or group of compartnents,
there are vol unes which represent the probability that the considered
conpartnents or group of conpartnents are opened
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The probability that a conmpartnment or a group of adjacent conpartments is
opened is expressed by the floor p; as cal cul ated according to regul ation 25-5.

Consi derati on of damage |ocation x and damage length y only would be fully
correct in the case of ships with pure transverse subdivision. However, there
are very few, if any, such ships -- all normally have a double bottom at

| east .

In such a case, the probability of flooding a conpartnment should be split up
into the follow ng three conponents: probability of flooding the double bottom
only, probability of flooding the space above the double bottomonly and



probability of flooding both the space above and the double broomitself (see
figure 3). For each of these cases there may be a different probability that
the ship will survive in the <l oaded condition. A way out of this dilema

whi ch may be used in applying these new regul ations, is to assune that the nost
unf avorabl e vertical extent of damage (out of the three possibilities) occurs
with the total probability p. therefore the contribution to surviva
probability made by nore favorable cases is neglected. That the concept is
still neaningful for conparative purposes follow fromthe fact that the error
made by negl ecting favorable effects of horizontal subdivision is not great and
the nore inportant influence of |ongitudinal damage |ocation and extension is
fully covered
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Figure 3

Sonme exanple: for dealing with other cases of horizontal subdivision are given
i n appendi x 1.

2.2 Consideration of horizontal subdivision above a waterline



In the case where the ship has a horizontal subdivision above a waterline, the
vertical extent of danage may be limted to the depth of that horizonta
subdi vi sion. The probability of not damagi ng the horizontal subdivision is
represented by the factor v, as calculated according to regul ati on 25-6.
This factor represents the assumed distribution function of the vertica
of damage and varies fromzero for subdivision at the | evel of the waterplane,

linearly upwards to the value of one at the |evel conforming to the m ni mum bow
hei ght according to the 1966 Load Li ne Convention (see figure 4).
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2.3 Consideration of damage penetration in addition to |ongitudi nal damage
| ocation and extent

Wth the sinplifying assunption that the damage is rectangular and with the
vertical extent of danage according to 2.2, the danage can be described by the
damage | ocation x, the danmage |l ength y and the damage penetration z (see figure
5). These variables can be represented in a three-dinmensional co-ordinate

system as shown in figure 6. Each point in the prism wth triangul ar base,
represents a damage
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Figure &

Al'l damages whi ch open a side conpartnent correspond to the points of a snmaller
prismw th height b equal to the distance of the |ongitudinal bul khead fromthe
ship's side, which is erected above a triangle with the base |; equal to the

| ength of the side conmpartnment under consideration. It is not difficult to
identify in figure 5 the volunmes which correspond to such danmage whi ch fl ood
other parts of the chip bounded by transverse and | ongitudi nal watertight
structural subdivisions.

Danmage | ocation x, damage | ength y and damage penetration z are random
variabl es. The distribution density f(x,y,z)can be derived from damage
statistics. This distribution density can be illustrated by assunming it to be a
density which varies frompoint to point of the volume shown in figure 6.

The "wei ght" of the total volunme is one and represents the probability that
there is a damage (which is assuned to be certain). The "weight" of a partial
vol ume (representing the flooding of certain spaces) represents the probability
that the spaces under consideration are opened.

The probability that a side conpartnent is opened can be expressed as p;r, where
pi is to be calculated according to regulation 25-5.1 and r according to

regul ation 25-5.2. The probability that a center conpartnment (extending at

| east to the ship's centerline) is opened, in addition to the adjacent

si de compartment, can be expressed as p;i(1l-r).

Sonme exanples for the calculation of the probability that side or side plus
center spaces are opened are given in appendi x 2.

Again, it nust be stated that the probability cal culated on the basis of the
sinmplifying assunptions nentioned are is not exact. Nevertheless, it gives a
conpar ati ve neasure of how the probability of opening spaces depends on
transverse and | ongitudi nal structural subdivisions, and thus takes account of
the nost essential influences, whilst neglecting secondary effects. Negl ecting
the random variati on of |ongitudinal and transverse damage event woul d be a
much greater error than that which is caused by negl ecting these secondary
effects.

3 DAMAGE STATI STI CS
3.1 Sour ce of data



The foll owi ng considerations are based on the information contained in various
| MO docunents. They summari ze casualty data reported to | MO on 811 damage
cards. There are 296 cases of rammed ships which contain information on each of
the followi ng characteristics:

Ship length- L

Ship breadth - B
Damage | ocation - X
Danmage |l ength - vy
Danage penetration - z

In order to omt inconsistencies in the results derived fromthe data, which
may be caused by the use of different sanples, the follow ng i nvestigations
have been based only on the aforenenti oned 296 cases. However, further

i nvestigations have been made using, in addition, the information given for

ot her cases. Despite the random scatter, which is to be expected because of the
use of different sanples conposed at random they |lead to the same concl usion

For the investigation of the dependency of damage | ength on the year of
collision, a different sanple was used conprising 209 cases in which L, y and
year of collision were given.

3.2 Ceneral consideration of damage extent

It is clear that the principal factors affecting damage extent are:
structural characteristics of the ramed ship;

structural characteristics of the ramm ng ship;

mass of the rammed ship at time of collision

mass of the ramm ng ship at tinme of collision

speed of the rammed ship at tinme of collision

speed of the ramming ship at tinme of collision

rel ati ve course angle between ramed and rami ng shi p;

| ocation of damage relative to the ship's I ength.

CO~NOOUOITA WN P

Fromthe point of view of the rammed ship only item.1 is pre-determ ned; al
other itens are random An investigation of the damage |length of ships with
di fferent nunbers of decks has shown that there is no significant influence.
Thi s does not prove that there is no influence. It is, however, valid to
concl ude that the influence of structural characteristics is relatively small
It therefore seens justifiable to neglect this influence.

The mass of the rammed ship depends on its size and its | oading condition. The
i nfluence of the latter is small and therefore for the sake of sinplicity it
has been negl ected. To account for the size of the ramed ship, damage |ength
has been related to the ship | ength and damage penetration to the ship breadth.

The following will show that the damage | ength does not depend significantly on
the place at which it occurs in the ship's length. Fromthis it is concluded
that the damage extent does not depend on the | ocation of the danage, except at
the ends of the ship where damage |l ength is bounded according to the definition
of damamge | ocation as the center of the damage.

Some comments on the mass of the ranm ng ship are given bel ow.

3.3 Distribution of damage | ength



Prelimnary investigations have led to the conclusion that the distribution of
the ratio damage length to ship length y/L is nore or |ess independent of the
ship length. A proof will be given bel ow. Asa consequence, y/l can be taken as
i ndependent of L.

Fromtheoretical considerations (using the central limt theorem) it foll ows
that y/L+ e, (where e is constant) is approxi mately |og-normally distributed.
This is confirnmed by figures 7 and 8, in which good agreenent is shown between
the I og-normal distribution function and distribution density on the one hand
and the corresponding results of the damage statistics on the other

.2 ships where the side shell has been significantly strengthened by the
provi sion of a double skin inhere it may be agreed to use enhanced val ues of
the reduction factor r (regulation 25-5.2). In such a case, supporting

cal cul ations indicating the superior energy-absorbing characteristics of the
structural arrangenment are to be provided,;

.3 vessels of a nulti-hull design, where the subdivision arrangenents woul d
need to be eval uated agai nst the basic principles of the probabilistic method
since the regul ati ons have been witten specifically for nmono-hulls.

Regul ati on 25-2

Par agraph 1.2
This definition does not preclude |oading the ship to deeper draughts
perm ssi bl e under other |oad Iine assignment' such as tropical, tinmber, etc.

Par agraph 1.3

The light ship draught is the draught, assuming level trim corresponding to
the ship Iightweight. Lightweight is the displacenment of a ship in tons w thout
cargo, fuel, lubricating oil, ballast water, fresh water and feed water in
tanks, consumabl e stores, and passengers and crew and their effects.

The draught corresponding to the partial load line is given by the forml a:

dp = dis - 0.6(d - ds)
wher e:

dp draught corresponding to the partial load line (m;
d, draught corresponding to the deepest subdivision load Iine (m

dis =light ship draught; (m

Par agraph 2.1
The definition of Lg 2.1 of regulation 25-2 is illustrated in figure 21
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Figure 21 - Illustration of the definition pi L, according to paagraph 2.1 of
regul ati on 25-2

Figure 9 shows the regression of y/L on L for L<200 m (five danages relate to
ships with 1 > 200 n). The regression line has a small negative sl ope which
proved to be insignificant, and may be caused by sanple taken at random There
m ght be a small dependence of y/L on the ship length, but it is so small that
it cannot be derived fromthe given sanple. It is therefore certainly no
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significant error to assune y/L to be independent of ship size for L<200 m An
expl anation of this independence nmight be that small vessels are nore likely to
meet mainly small vessels and | arge vessels are nore likely to nmeet mainly

| arge vessels. However, this reasoning cannot be extended to very |large vessels
because of the small total number of such ships. Because of the very 1® danmage
cases concerning ships with 1 > 200 m nothing can be said about the danmage

di stribution of such ships. (t seens reasonable to assume, as an approxi mation
for ships with L > 200 m that the nedian of the damage length is constant and
equal to the nmedian for L=200 m The latter equals 200 x(y/L)sy, Where (y/L)so is
t he medi an of the non-di nensi onal damage |length for ships with L=200 m

The regression of the non-di mensi onal danage | ength y/L on the non-di nensi ona
damage location is given in figure 10. This shows that there is no significant
di fference between the danage distributions in the forward and aft half of the
ship, but sinple geonetric reasoning indicates that the damage |l ength at the

ends of the ship - forward as well as aft - is limted to smaller values than
in the central part of the ship. Therefore the [ og-normal distribution found
for all values for y/1 - independent of danmage |ocation - is the margina

di stribution. The correspondi ng conditional distribution of y/L, on the
condition that the damage | ocation is given, does not need to be considered as
for the practical application an approximtion will be used, which all ows
establ i shnent of a very sinple relationship between the conditional and
mar gi nal damage | ength distribution.



Enclosure (1) to NVIC 4-93
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3.4 Dependence of damage length on year of collision

The fact that the speed and size of ships has tended to increase during recent years suggests that
the average size of damage in cases of collision is also growing. In order to investigate this, a regression
anzlysis of the logarithm of the nandimensional damage length on the yezr of collision has been
made. The result is shown in figure 11. This figure shows a significant positive slope of the regression
line, which proves that, on average, the damage length increases with year of collision.

o
<
©
(o}
+
>
¢ [-03
020 S
i L~ 0.4
0.30 i ‘ T l —[ . :
— i ; i-0.5
Eo ; I '
C.20 . : ~-0.6
. ossd | b I -C.7
N o €3% confidence limits I I
= 86(2 l |  regression line - 0.8
Q.0 T~ : — ———— _0g
0.0/ = iz o : SSRGS N —— —
0.06 [ AN  er— o~ '_1 0
0.05 ¢ L/ { ! : -
0.02 ] [ 5 SR S el ] []
¢os LV { . Ml 0 i =11
0.02 . [l | {. ' -1.2
0.0: || ‘ | i i . :
0 00354 . ! ! Q - 1.3
0.00%- - 2 . . .
o : | |
i . 1 i [ 1 t ] ‘ ] 1 A 1 v T 1 1
t 1948 1950 1952 1632 1536 1958 1962 1822 1964 1966
yez: ot collision 1209 observed damages)

Figure 11 - Regression of nondimensional damage length depending on year of collision



It therefore seens prudent not to use the distribution which results from al
damage data i ndependent of the year of collision. Assum ng that the variance
about the regression line is constant, it is possible to derive fromthe
regression analysis the distribution function of non-di nensi onal damage | ength
for any arbitrarily chosen year; such a function is determ ned by the nmean
(which is given by the regression Iine) and the variance about the regression
line of the logarithmof y/L+e, Sone sanples are given in figures 12 and 13.
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Sim |l ar considerations as in the case of the danage length lead to the
conclusion that z/B+e, is approximately log-nornally distributed and does not
depend on the ship size, which in this connection is represented by the breadth
B of the ship. Figures 14 and 15 show good agreenent between the | og-norma

di stribution and the correspondi ng val ues obtained fromthe danage statistics.
Figure 16 proves that there is, in fact, no significant dependence of z/B on B
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As is to be expected, there is a strong correlation between z/B and y/L. Figure
17 and 18 show that z/B increases on the average with increasing y/L. The joint
distribution of the |logarithmof (y/L+ ey)and (z/B+ e;) is a bivariate normnal
distribution. Fromthat distribution the conditional distribution at z/B, on

the condition 1h2t the damage | ength assumes certain values of y/L, can be
deri ved.

[
= T é
-E'_' 1 T T T El T T T T T = -
= -7.2 -12 -11 -148 -p9 ~-08 -07 -0E =-D5 =-04 -0.3 o
ES 4o v = tog (¥ « 0,045 L 01+
2= é;-'-a L LT MDD
=2 08 - 0
£ 0.7 [ = e
s 1 —1-0.1
H 0.6 B
2 T B o e S e = DO
BRCE {2 e e s -0.3
T : -1 L—--—‘ e
0.2 I. i i i -0.4
b '______L_-"""".I = [ Ly -0.5
o _—h_-——'—-'-'.-— T b = Rl I L
=1 I i -I . 2 06
885 TT“”'Z‘ L1l = e
0001 001 0.02003004 00 008 0.1 015 0.2 03 0.4
Y . damage length
L ship length

Figure 17



1K
3=
oy 1
o8
0.7
£ e e l CoETHIpONd 10 SRl
€= rradian | WlSTOUON [, [
;-; 0% fids Wi A ] I.lfﬂ
: u 1
E-; o il ; / | e
?-: ~F : : ——— —+1
sl 1 "_-_ . ., L _— i I
€ vl %] Vi
X as L I
‘.I.c 5.3 r‘_‘- ._-c"""__:__-:ﬂl--.— y
-: - ""-'-':.ﬂr -:'1 b . DIE sbhasrved
u-' rﬁ'r .-‘_.ll -'-:-" m
£ ) k T ' 3 . 1
g b r"'-l - i # | -
£ GE2 O0% 006 008 0.10 DL12 0.04 016 0.18 0.20 0.22 0.2+ 0,20 0.28 0.30 0.3 0.3= 0,36
[" whap hengTh
Figure 18

3.6 Distribution of danage | ocation

I nspection of the histogram (figure 19) of the non-di nmensi onal danage | ocation
shows that damages in the forward half to the ship are nore frequent than in
the aft part. The only explanation which can be offered for the peaks of the
hi st ogram at approxi mately x/L=0.45 and x/L=0.95 is that they are random
because of the limted sanple

Because the danmage | ocation is defined as distance fromthe aft termnal of L
to the center of the danage, it is always at a distance of y/2L fromthe ends
of the ship. Starting with a sinple assunption for the conditional that y/L
assunes certain values, the marginal distribution density has been derived and
is shown as a curve in figure 19. The corresponding distribution function is
given in figure 20.
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Figure 19 - Distribution density of nondimensional damage location
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4 PROBABI UTY OF CAPSI ZE
(Determnation of the probability that a damaged ship
wi Il not capsize or sink -- calculation of the s;-val ue)

4.1 Criteria proposed to avoid capsi zing or sinking

It is not possible with the present state of know edge to determ ne, with any
degree of accuracy, criteria related to the probability of capsize of ships in
waves. Therefore the formul ae contained in these regul ations are sinplified and
based on common standards used for damaged stability cal cul ations.

Part B

This part of the explanatorv notes is intended give gui dance on how to apply
t he individual regul ations.

Regul ati on 25-1

The purpose of .6 of the footnote to regulation 25-1 is to exclude fromthe
application of the regul ati ons on subdivision and damage stability of cargo
ships (part B-1) only those ships which nust conply with the danage stability
requi renents of the 1M Load Line Convention in order to obtain a type A or type
B- 60 t hrough to type B-100 freeboard assignment.

Part B-1 regul ati ons were devel oped and i ntended as a separate required
standard for all cargo ships. Equival ency between the part B-I damage stability
requi renents and those of the Load Line Convention is neither inplied nor
suggest ed.

Par agraph 3



The circunstances where this paragraph of the regul ations m ght apply include.
for example, the foll ow ng;

1. ships constructed in accordance with a standard of damage stability
with a set of danage criteria agreed by the Admi nistration;

For the forward deck Iimting the vertical extent of flooding, Hg, IS to be
calcul ated in accordance with the draught (d;) at the deepest subdivision | oad
line, based on the corresponding fornula in regulation 25-6, paragraph 3.3. The
forward term nal position at the deepest subdivision load line is to be taken
as indicated in figure 22 and the after one in a simlar manner
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Par agraph 1

The regul ati ons do not specify at which side of the ship damage shoul d be
assuned. \Were there is 100% symetry about the ship centerline of:
- the main hull,
- erections which are given credit for buoyancy in the damage stability
cal cul ati ons,
- the internal subdivision restricting the extent of flooding for the
damage stability cal cul ati ons,
it is dear that danage nmay be assuned on either the port or starboard sides,
each produci ng the sane val ue of A

It is rare for conplete symetry to exist and therefore, in theory, two
calcul ations for A should be nmade, one assum ng port damage and the ot her
st ar board damage

However, the cal cul ated A value may be taken as that which evidently gives the
| ess favorable result. Qtherw se the nmean val ue obtained from cal cul ati ons
i nvol ving both sides is to be used.

Par agraph 2
A = Spis;
wher e:
pi i s i ndependent of the draught but includes the factor r,
s; i's dependent on the draught and includes the factor v, and is a weighted
average of s-factors cal cul ated at draughts of d; and d,.

It is recoomended that the product p;s;, should be cal cul ated using five deci mal
pl aces, while the final results, i.e. the indices A and R should be to at
| east three deci mal places.

Par agraph 3

For any ship, including those with a raked keel, the design waterline should be
used as a reference for level trim

Par agr aph 6
See figures in appendi x 2.

4' hen there is nore than one | ongitudinal subdivision to consider, penetration
need not extend to the chip's centerline if such penetration does not provide
any contribution to the attained subdivision index.

For exanple, when a pipe tunnel in the center of a ship is fitted, damage to
this tunnel may cause heavy progressive flooding |leading to | oss of the vessel
In this instance the penetration nmay be stopped outside the pipe tunnel, and
the p-factor multiplied by the factor r, as calculated for a penetration in a
wi ng conpartnment only. If a wing conpartnment is fitted in addition, it is

possi ble to take account of two different penetrations, and applying the factor
(rp-ty) rather than (1-r), as obtained when the damage is extended to the
centerline.

rois then the r-value for penetration to the pipe tunnel only, and r, is the r-
val ue for penetration to the |ongitudinal bul khead only. See figure A-11 (VHi)
i n appendi x 3.

Regul ati on 25-5



See figures and explanations in appendices 2 and 3.

In particular, note when calculating r-values for a group of two or nore
adj acent conpartnent: (or zones) the b-value nmust be the sanme for al
conpartnments (or zones) in that group

Regul ati on 25-6
Par agraph 1.2

If the final waterline inmerses the | ower edge of any opening through which
progressive flooding takes place, the factor s may be recal cul ated taki ng such
flooding into account. If the resulting s is greater than zero, the dA of the
conpartnment or group of conpartments may contribute to the index A

Par agraph 3.3

VWere the height of a horizontal subdivision above the baseline is not
constant, the height of the I owest point or' the horizontal subdivision above
t he baseline should be used in calculating H

Regul ati on 25-8
Paragraph 1.1

It is straightforward to obtain m nimum GM (or nmaxi nrum KG val ues which comply
with the relevant intact stability requirenents, and can be expressed by a
uni que curve agai nst ship draught.

However, it is not possible to obtain a unique set of m ni mum GM val ues for
deepest |oad draught(d;) and for partially |oaded draught (dy) which ensure
conpliance with regulations 25-1 to 25-6, because there are an infinite nunber
of sets of Gvb to neet the regul ations.

Ther ef ore, one approach m ght be to choose a GM val ue for the deepest | oaded
draught as close as possible to the m nimum GV val ue rel evant to the intact
stability requirenments based on a realistic |oading condition, then vary the GV
val ue for partial |oaded draught while retaining a realistic |oading condition
and obtain a limting value of GMto conply with regulations 25-1 to 25-6.

O Course, other practical approaches may al so be taken
Par agraph 1.2

VWere cross-flooding arrangenents are fitted, calculations are to be carried
out in accordance with MO resolution A 266(VII1).

The tine for equalization shall not exceed ten m nutes.

Par agr aph 3
Curves of limting Gvws should be drawn as indicated in figures 23 and 24.

Regul ati on 25-9
Par agr aph 4

The words satisfactory and essential nean that scantlings and sealing
requi renents for those doors or ranmps should be sufficient to withstand the
maxi mum head of the water at the flooded waterline.
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Appendi x 1
Transver se subdi vi si on

Thi s appendi x illustrates,
Ls into discrete danage tones.

by means of exanpl es,
The subdi vi si on of L,

how to divide the ship length
i nto damage zones shoul d

not only take account of existing transverse bul kheads but al so separate

smal | er | ocal

wat erti ght conpartnents,

the floodi ng of which has significant

i nfl uence on the damage stability results.



1 Figure A-1 shows the elevation of a part of a ship containing two
conmpartnents nanmed A and B. Conpartnent A is divided by |ocal subdivision into
the spaces Al and A2. For the purpose of calculating the products ps which
contribute nost favorably to the attained subdivision index, three fictitious
conpartnents or damage zones are considered. The bases for cal cul ati ons of the
p and s-values are given bel ow

.1 Zone 1 of length I|;: p based on |
s based on fl oodi ng of space A,
.2 Zone 2 of length |,: P based on |,

s based on fl oodi ng of space A, only of of
A, only, or A and A, whichever results in
t he | east s-val ue

.3 Zone 3(or space B)of length |3 p based on |3
s based on fl oodi ng of space B

.4 Zone 1 + 2: p based on I; and I,
s based on flooding of A  or of Ay and A,
whi chever results in the | esser s-val ue

.5 2one 2 + 3: p based on |, and |3
s based on flooding of Ay and A, and B or of
A; and B or of A, and B, whichever results
in the | esser s-val ue

Tones
deck

base

‘ including the etfect
ol local subdivizion
T+2= when using 3 damage 1ones

>\ |

p-value calculated

|

ignoning lecal subdivison
by using 2 demage rones

Figure A1



.6 Zones 1 + 2 + 3 p based on 1,
s based on flooding of Ay and B or of A, and
A, and B whi chever results in the | esser s-
val ue

2 1t would also be conpatible with the regulations to ignore the |Ioca

subdivision with respect to the calculation of the p-value. In this case, the

foll owi ng conmpartments and group of conpartnents

woul d be consi dered:

.1 Zone a of length 13 =11 + 12: p based on | a

.2 Zone b of length Ib (=I3): p based on Ib
s based on fl oodi ng of space B
.3 Zones a + b: p based on la and Ib

s based on fl ooding of Al and B or of A2
and B or of Al and A2 and B, whichever
results in the | east s-value
3 Qoviously, the approach given in paragraph 1 above will generally lead to an
attai ned sub-division index which is higher than (or at |east equal to) that
defined by the approach of paragraph 2. Also, the error nade by neglecting the
actual distribution of danage in the vertical direction is nuch smaller in the
first case

Anot her exanpl e of | ocal subdivision is shown in figure A-2. The foll ow ng
tables illustrate how this can be handl ed.

Tones

bace

ncheding the effect
of esl subdivinian
when using 4 germage Tones

P-vdive eslegisied

gnoning locs! subdivition
By uning 2 domage tuncs

Figure A-2



Table A-1 -

p-val ue cal cul ated i ncluding the effect of

| ocal subdi vi si on

Danmage phased an S based on the flooding of space(s) resulting in
zones | engt h('s) the poorest stability
measuring
| engt h of
space
opened
1 |1 space A
2 1P space A or space B or spaces A and B*
3 I3 space B or space C or spaces B and C
4 | 4 space C or space D or spaces C and D*
1+2 I 1,15 space A or spaces A and B*
2+3 5,13 space B or spaces A and C or spaces A B and C*
3+4 3,14 space C or spaces B and D or spaces B and C and D*
1+2+3 I 1,15, 13 spaces A and B or A and Cor A and B and C*
2+3+4 l5, 13,14 spaces A and Cor B and Dor A and B and C and D*
1+2+3+4 l 1,15, 1314 spaces A and Cor A and B and D or A and B and C and D*

*= whi chever

results in a snmaller

s-val ue

Table A-2 - p-value calcul ated ignoring |ocal subdivision
Danage zones p based S based on the flooding of space(s) resulting in
nmeasuring on the poorest stability
| engt h of | engt h('s)
space opened
A | o=l 1+l 5 Space A or space B or spaces A and B*
C | =l 3+l 4 Space C or space B or space D or space C and B or
spaces B and D or spaces C and D or spaces B and C
and D¢
A+C A ¢ Space B or spaces A and C or spaces B and D or

spaces A and B and C or spaces A and B and D or
spaces A and B and C and D¥

*= whi chever

results in a snmaller

s-val ue




1 Conbi ned transverse, horizontal
and | ongi tudi nal subdi vi sion

1 Provision has been included in the new regulations to permt evaluation and
acceptance of ships w th conbined |ongitudinal and transverse subdivision. To
facilitate a full understanding and correct and uni form application of the new
provisions, sone illustrative material is contained in this appendi x. The
exanpl es given are based on three different arrangenents of conbined

| ongi tudi nal and transverse subdivision as shown in figures A-3, A-4 and A-5.

2 The following nonenclature is used in this section:
I 1,15, 13 etc. di stance between bul kheads boundi ng eit her
i nboard or wing conpartnents as shown in figures
A-3, A-4 and A-5;
[ 12=1 1+ o5 | 23=1 o4l 55 | 34=l 3+l 4, etc.
1351 14 o4l 35 1 ooa=l 2H] 5+ 4
[ 2.5=1 o#l g4l 441 5 | 5.6=1 3+l 4+l 5+l 5, etc.;

P1, P2, P3, €etc. are p calculated according to regulation 25-5.1
using lq, 1,13 etc. as |;

P12, P23, P24, €tcC. are p calcul ated according to regulation 25-5.1
using |z, 123,134, €tc. as I;

Pi1-3, P2-4, €tcC. are p calcul ated according to regulation 25-5.1
using I3, 124, etc. as I|;

P2-5, P3-s; €L C. are p calcul ated according to regulation 25-5.1
using l,s5, 136 etc. as I|;

r{,ro, rs etc. are r calcul ated according to regulation 25-5.2
using lq, 1,13 etc. as |, and b as defined in
regul ati on 25-5. 2;

12, 23, [34, €tC. are r calcul ated according to regulation 25-5.2
using |, 123,134, etc. as |, and b as defined in
regul ati on 25-5. 2;

ros rag €etc. are r calcul ated according to regulation 25-5.2
using l,s5, 136 etc. as |, and b as defined in
regul ati on 25-5. 2;

b as defined in regulation 25-5.2

In calculating r-values for a group of two or nore adjacent conpartnents, the
b-value is common for all conpartnents in that group, and equal to the snmall est
b-val ue in that group:
b = mn {by, by ..by
wher e:
n = nunber of wi ng conmpartnents in that group;
b;,, b, ... b, are the nmean values of b for individual wi ng conpartnents
contai ned in the group.

VWhen determning the factor p for simultaneous flooding of space 1 (in figures
A-4 and A-5) and adjacent side conpartnent(s) the values ry, ri,, etc., should
be cal cul ated according to regulation 25-5.2, taking b for space 1 equal to the
breadth of the adjacent side conpartnent(s).
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Table A-3

- Apphcaltion of regulation 15-5* 1o subdivision

arrangement shown in figure A-4

Damage roneis) ai compartment
of group of compartments®* p-hacier ‘"":‘“‘I“:h“
RS R = hacto
1 p L) F1 x'|, e 'u .!'1 - l'il
Ill wWili po= Py = ,:I{.l_-.'.l Xy =
I
Wods P=py X fg I,- h_!_ I, - |'15
Vand W23 Pow Pyy X fiy = Py X fp = Pay ¥ Iy =0 X;=1h,
Wl and W43 P= Py X P = Pu % - P — fag Xymly Xg= g
| Zand WL and VW43 Po= Pog X fpp = Pug X fyy = Pog X fpg + fign ® My X, =0 X; = Ly
W23 and W45 and W b7 P=pPur®ipy=Pus - fs - PurElar + P % Ty Yely Xymlys

foq is @ Tuncyion of fyg and by g
Py 15 3 funclon of I, and b ;.

Table A-4

- Application of regulation 25 5* to subdivision

arrangement shown in figure A<

Distances X, and X3y

i Damage IG’T{H s rmHnTEm p—lactar for determination

| or growp of compartments of factor p

|

| C2and W23 po=pyx(1=ig} Xyw iy Xp=iy
! C3and W23 - py % (-1 Xymly X =iy
' Ciand W3 TP pex -t X, = by K=
! 1and C 2 and W 2.3 | = prafl=rg) = pl=ny) = pall=ry] X,m 0 Xy
, Cland C3and W 2.3 p = pyll-ty) = pyli-r) = pyll=1y X aly X =k,
Il:3a.-1|:s|;-u.n:| w2 |nd“’4,5|p = pyll-tyd = pyll-ry) - pall-rd Ky =0y X3 =y
|

| 1and C2and C3and W13 |p = payil-ny) = pull-ryg) = ppll-ry) + pyil-n) | X, =0 X = Iy,
CC237¢ Cland CAand W23 Wywidi X owihy

| and W45

ip = Paul=r;d = pyfl=ry) = pull-ryd + pil1-7l

* WIN partecular reference 1o regulanon 2551 and 33321

** To be consdered Mooded for s-calulation




Table A-5 - Application of regulation 25-5* to subdivision
arrangement shown in figure A.S

| Damage zoneisl as compartment tor D;:‘::‘:r::ln:fonxz
of group of (ompartments”” : of factor p

| i ' |
1 - Ypm@l Xy mly |

! W P=pxr X, =4 X; = Iy

W4 PPy X iy Mym fy Xy o= hy

1l.n-d“2 P-Puli'“.-Pilxhl—hHrJ #:1-& lefu

W 2and W i4 P = DX fa~=h i3 = Py & My Xy =4 Xy =ty

Tand W2 and W34 P =Pra ™ fa ~ P ¥ fg — Pra ® fa+ Py v 1y I, =10 Xy = [y 4

W Tand W o33 and W 56 -F"'P-'H"‘"J-I'PI-A‘WJ'PH""H‘Fh“’h.xr'j1 Xy = 1y

Table A& - Application of regulation 25.-5* to subdivision
arrangement shown in figure A-5

' Distances X
Damage 1ones) 25 compariment  ianeas Xy do Xy

ar group of COoMmpdmments®* el t IH,Ir::llm'llnru:ur ;m
C23and W32 P o= prl=rg) I X, = 4 Ky = Iy
C23ard W 34 p o= pil=-n) Kimda X = by
£ 45 and v 14 P opyl-tgl ix1 =y X o=y
Pand € 2.3 and w2 o= opuil=rgl = pyll=ry) — pgll-sgd X, =0 X; = iy
p1and C23and W 2and W34 | pom payil=fuy = pull=ryl = pyfl=ry) » pall-ry) | X, = 0 X; = 4,
|
Cl2land C 45 nd W 3a p = p,‘“-f_ul X, - l"] X, - I'}_.
Clliand CdsandWland W id {p = Padl=ryal = pall=ry) = pall=ryg Xy = 4 Xy o=y
C2iandC4bandWidand W3k p = padl-fp - prdl=rd - pell=rg M=y Xy =y
{ C23and C 45and W2
| and W 34 and W 36 P o= pusll=ry) - ppull=rad - Pusll-rss) + Prll=ryd | Xy m Iy Xy m iy

T Wah pamaulir reference 1o regulatons 2551 and 2520,
** Tu be consrdered flooded lor 1-caleulanon.



I Recesses

1 Recesses may be treated as actual or fictitious conpartnents using the
exanple in figure A-6.

2 The follow ng nomenclature is used in this section

11,12,13 | engt h of damage zones as shown in figure A-6

pl, p2, p3 are p cal cul ated according to regulation 25-5.1, using |1,
2, 13 as |;

pl2, p23 are p calculated according to regulation 25-5.1, using |1 +
2 and 12 + 13, as |

p123 is p calculated according to regulation 25-5.1, using |1 + 12
I3 as |;

ri is r calculated according to regulation 25-5.2, using |1 as
and b as shown in figure A6;

r2 is r calculated according to regulation 25-5.2, using |2 as
and b as shown in figure A-6;

ri2 r23 are r calculated according to regulation 25-5.2, using |1 +
2 as | and b as shown in figure A6;

ri23 is r calculated according to regulation 25-5.2. using |1 + 12

+ 13 as | and b as shown in figure A6;

ey

Figure A6



3. Application to actual conpartnents:
Spaces to be consi dered p-factor to be used for calculating contribution
fl ooded for s-cal cul ation to attai ned subdivision index
A P = P2 X Iz
B P = Ps
A and B P = Pizg - P12 X 12 -Ps
alternatively:
A P = p:
B P = Ps
A and B P = P12z - P1 - Ps3
4. Application to fictitious conpartnents:
A P = P2 X iz + po(1 - ry)
B P = Ps
A and 8 P = P12z - P2 X 12 - pau(l-r1) - ps

1l Damage penetration

For uniform application of these regulations, the depth of penetration b should
be determ ned using the foll ow ng guidelines:

The nmean transverse distance b shall be nmeasured between the shell at the
deepest subdivision load |ine and a vertical plane tangent to, or common with,
all or a part of the I|ongitudinal bul khead but el sewhere outside thereof, and

oriented so that this nean transverse distance to the shell is a maxi mum
except that in no case shall the maxi mum di stance between this plane and the
shel |l exceed twi ce the |east distance between the plane and the shell. \Wen the

| ongi t udi nal bul khead term nates bel ow t he deepest subdivision |oad Iine, the
vertical plane referred to above is assunmed to extend upwards to the deepest
subdi vi sion | oad |ine.

Figures A-7 and A-8 illustrate the application of this definition

A damage zone contai ni ng abrupt changes of breadth may al so be dealt with by
subdividing into smal |l er zones, each having constant b-val ues.
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Appendi x 3
1 Introduction

Thi s appendi x descri bes various possible watertight subdivision arrangenents,
t he consequent fl oodi ng scenarios and the nethod of determ ning the rel evant
contribution dA to the attained i ndex A

2 Definition of the terms and synbol s used
Not e: Subscripts 1,2,3 etc., belowrelate to the appropriate spaces in figures A-9 to A-12. For
exanpl e: Ci23 IS a space conprising conpartnents C G G;;
Csas 1S a space conprising conpartnents G G Gs;
Cs7 is the factor which accounts for the probability of survival after flooding
compartnents G C;, etc.

—> I ndicates the direction of the assunmed side danmage

dA gives- the contribution to the attained i ndex of the danmage case
bei ng consi der ed.

d is the draught being considered and is either d;, or dy(i.e. deepest
subdivision load Iine or partial |oad |Iine).

H, H are the first and second horizontal subdivisions, respectively,
viewed fromthe waterline upwards.

HU i s the uppernost boundary which limts the vertical extent of
f I oodi ng.

Vi, V2 are the first and second | ongitudi nal subdivisions, respectively,
viewed fromthe side where damage i s assuned.

C i ndi cates a conpartnment bounded on all sides by watertight
boundari es.

Cizs i ndi cates a space which, for the purpose of assumed flooding, is

treated as a single space conprising conpartnments C,, G, and G

i ndi cates a conpartnment which lies outside the [imts prescribed

for all the danage scenarios: (ie the conpartnent renains intact

for all assumed damage cases) except for possible cross-flooding.
P;( regulation 25-5.1) is the factor which accounts for the probability that

t he I ongi tudi nal extent of damage does not exceed the Iength of the

damage zone (length I) being considered.

3. Contribution to the attained index A applying various forns
of watertight subdivision

This section details the contribution to the attained index A of various
conbi nati ons of |ongitudinal and horizontal watertight subdivision, and
illustrates the concept of multiple horizontal and |ongitudinal subdivision

For multiple Iongitudinal subdivisions with no horizontal subdivisions, the
general formula is:

dA = py X [ry X sg + (rp - rq) X s, + ... - (I - rp1) X sy
wher e:

m = the nunber of |ongitudinal subdivisions, plus 1

ri = the r-value as function of s

S, = the s-factor for conpartnent i



For multiple horizontal subdivisions. with no longitudinal subdivisions the general formula is-
dA = p, ’([V'lxsmu-.,"'“’z' v, %
where:
n = the number of horizontal subdivisions between the subdivision waterline and Mo
plus 1,
v = the v-value as funchion of assumed damage height H,

Smin, = the least s-factor for all combinations of damages obtained when the assumed damage
extends from the assumed damage heighs H, downwards

ming ¥ o+ 11 = vy ) x Smin,, ]

.

Cenerally, when there are combinations of longitudinal and horizontal subdivisions.

dA = pyx [y x [nsm,,” * vy = Vo) X Spmin, # o (T =¥, ) X smmm]

+ 0y = ) % (v + vy — W) % § + o+ -, e

min?.I fﬂiflﬂ LT .!

Sl =, b X vy x 8 + vy - vl xS + '*“"":u-ﬂ"smmm

minm-l ||||r:m2

where;
m = the number of longitudinal subdivisions, plus 1,
n = the number of horizontal subdivisions iwithin each longitudinal subdivision) berween
the subdivisian waterline and H_ . plus 1,
r, = the r-factor as function of b,
= the v-value as function of assumed damage height H,
Smin = the least s-factor for all cembinations of damages obtained when the assumed damage
extends from the shell to b, and from the assumed damage height H, downwards.

The following exanples illustrate howto deal with situations where there are
conbi nati ons of |ongitudinal and horizontal subdivision, assum ng the danage to
occur between two consecutive watertight bul kheads only.

If, however, the damage extends beyond one or nore transverse bul kheads, then
all terms pi, ri for i =1, 2 ... mare calculated for a group of w ng
conpartnents as a function of br

3.1 Exanpl es of |ongitudinal subdivision

Exampl es of | ongitudinal subdivision only are given in figure A-9.

Each part of the figure illustrates the damage cases whi ch would need to be
eval uated for a particular arrangenment of watertight boundari es.

The formulae for calculating the contribution to the attained i ndex dA are
given in each case.

3.2 Exanpl es of horizontal subdivision

Exanmpl es of horizontal subdivision only are given in figure A-10.

This illustrates the principles described in the previous section as applied to
hori zont al subdi vi si on.

Regul ation 25-4.7 specifies that, in the event that a | esser vertical extent of
damage neans a | esser contribution to the A-value, then this | esser extent is
to be assunmed in obtaining the requisite damage stability results.

3.3 Exanpl es of | ongitudinal/horizontal subdivision

This section illustrates the principles used when conbi ning the I ongitudinal
and horizontal watertight subdivision described in the previous two sections.
Exanmpl es are given in figures A-11 and A-12.



To determine the contribution to the attained subdivision index 4 - say d4 - for various damage
SCENANIOS,

Examples of muttiple horizontal subdivision

In figure [H1) | MU
L]
dA = p; x sq. |
where: '
S = the lesser of 5., and 5, =] I =
i1 C2
| y
—r '
~—_ ¢ [ cie _~ t
(i}
In figure (M [ AU
i
dA i |-|""1 ¥ smn.l + - lel x =min2] M1 |":3
where: T
§ in. = The |lescer of 5., and s, —_ |
S, = the lesser of §,5; and 555 = o &=
s 1
Ho = H, |
| ! d
. ]
r |
I |
T C1 ] cewm o 1
[
{1Hu)
I Tigore (=)
g4 =p, * EF1 x Sm;n_r = {""g = V'|] x SMZ + 11 - vyl X smmz]
where:
Smie . = the lesser of 5,5 and s, | HU
5, = the lesser of d H2 'ce
ming = 0] -%yay ANE Xaq
Sei. = the lesser of 5,44, 3nd 554, H1 |C3
7oy | -
¢ B2
HIMI}HI |

~—_C1 | cie_“~

(Hhii)

Figure A-10 - Interpretation of multiple horirantal subdivision
fin all instances, r = 1)



To determine the cantribution 1o the attained subdivision index 4 - say dd - for various damage
sCenanss.

Examples of muhiple longitudinaltheorizontal subdivision

ln-l'igum [wii} I MU
ga =p, x [ry x Sminy ¥ 11 = 1) X sm-n?] I
where: — |
Smin, = the lesser of 5,, and 5, — | =
Sy = the lesser of 5,54 Bnd 3, y €2
| ;
— '
‘ vl I
Loz Jree s 1
ivHil
vl !
In figure (wHul HU
1
dA =p, % {1y X Sqp 11 - ) o= smmz] !
where: 1
Smin, = the lesser of 5., and 5, v 1 . ==
5 n. = the lesser of 5,5, 300 544 c2 Ve Cs
] A = =
| ¢
\..h_m I Cdn:_,r/
{vHii)
Infigore ivHIn 24 ___1 HLf
. & 1 .
ch o= zow e, x ["i x "F.in.” 01 = v ® 5., ] M1 c C?! C1
-1 -l = vy, x Sringy 1 - v » Spmeys Ji !
whers e c3 | s e
5.... = thelezstof 5,,; end 5,4 2nd 5. - i)
d bt il i
5o, = the lzzst o' 5..,; and 5,5 &nC 54, Ho, > H. J
5___,I_T = the lzzzt of Siosxg and Sgszes ANC 555 I !
Smun.. = the lezst of 5732527 8N Soapges 800 1227 ===l C3 cs! Ey
ii il ik i ‘
b, i CEe -~ 1
|

Lw il

Figure A-11 - Interpretation of combinec ongitudinal and horizonte! subdivisian



In figure (vHiv)
dA = pyx [ry X [y X Spye, # 11 = Wi} X S ]
+ 01 =l x|v, x Smingy + 11 = vl x ""i'":.l]]

where:
&un,, = the least of 5,5, and 5,5, and 5,, and 5,

Fmin,, = the least of 5,53, 8nd 53345 3N S345 AND 545

Smingy = the least of 515494578 5334578 309 S347g 8nd S,

vi

Smingy = the least of 5439456789 8nd 533456789 i "

and Saycrpg end S cpq C5 €8, €13

M1 i 2

—] ca| c —
H...TH, cr! C11e)
-—= c2 CE EI.D
l e

(vHiv)

Figure A-12 - Interpretation of combined longitudinal and horizontal subdivision




