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Introduction
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Based on SDS 2, SDS 5 and SDS 14, containing damage data
- reported by Canada, Federal Republic of Germany, France,

Ghana, Italy, Japan, Netherlands, Norway, Sweden, Switzer-

ST g g B PPt

land, Turkey, UdSSR, United Kingdon,,USA. the SDS Working

Group of the Fed, Rep. of Germény has prepared a statisti-

cal investigation of damage data. Because SDS-16 has not

ol i

been available in time, the few data contained in this pa~-

per have not been considered.

.
st s

& The general result of the investigation is, that the num-
ber of casualties is far too small in order to give a com-
prehensive survey about the damage of ships. Nevertheless

~some useful statements are possible, From a realistic¢ point

Tama R b e et

of view it seems better to investigate now, how the hither-

to results can be used than to continue ad infinitum with

e i 22hedia & s : Y
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I ' :
the attempt, to obtaip definite and comprehensive results,

This does not mean, tbat the collection of damage data is
X v ! ! -
to be stopped, From time to time a reanalysis of the da-

[ ey

mage data will be of ﬁse. But it is useless, to struggle

i sl

1
A

for the statement of a great number of relationships;.

{x : which are not 81gnificant because of the statistleal scatter¢§
1 l ‘
In the following, the sane methods as in SDS III/9 App.1 ;
"Statistical Analysis of Casualties to Ship Hull" are used. é

The used nouenclature regarding the damages is shown on the

attached Pig. A,




ba

v 6/4
ebobwop jo
jusod Jemo)ay) 0) eul] 9SDQ Wwiodj a2uDISI] Z b DWDP J0 94U 0) JV WO 82UD|SI]
obowpp jobreH vy Wbnoup aA1)29))3
obowop jouolDIjoUsd @ yideg
abowaop jo yjbua7 ) sipjnajpuadied usamjeq yj)bual

Wl
&ﬁ h@
/ |

L —

obbwbn(g Jo U0HPIOT PUD SUOISUAWI]

Qo x

dd7



In connection with the statistical investigations of

damage extension some natioha have made known the number

of decks for several struck ships,being set up in the

damage cards.But uprortunately only a small number of

data was to use to evaluations in such detailed investigations
being neccessary to obtain practicable results.

Calculations are based on the papers SDS 19,22,23%,24 and
25,containing datas according to SDS 2, 5, and 14,

Refering to the investigations of'collisions only the data
of struck ships have been used for calculations.




Lng-aor-al,distrlbutionsftit very well th§ ai’iricaiwdl- A

"ltrihutions of the damage lengths plus a constant, This L I

is shown in Fig. 1,1,01 and 02 for the whole range of ;l
ship length, in Fig. 1.1,03 and O4 for ships with g S
less than 100 m and in Fig. 1.1.05 and 06 for ships with
b more than 100 m, : , Fi,g
"-;
Some statistical characteristics, calculated from the e
~‘da-hge data, are given in Table I, . ;iT
~Table I and the Fig, 1.1,03 to 1.1,06 indicate a strong | i
dependence of the damage lengths on the ship length, il
r/ _;’.
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1.2, Meah, median and deciles of damage lengths in deﬁendpnce
on the ship length; collisions only,

-y

In Fig. 1.2.01 and 02 the small circles corresponds to the means,

medians and upper and lower deciles of the damage lengths of shlp

with Lpp less resp, more than 100 m, They are placed above the

mean length of all ships with L less than 100 m resp, above

pp
the mean lengths of ships with Lpp more than 100 m,

it i g o D

Through the circles run fat straigth lines. The lines fit

Ll ke A i)

quite well polygons, which connect the means, medians resp.

deciles of the damage length, corresponding to ten ranges of

‘ship lengths. The ranges are indicated in'Fig. 1.2.01vby a.b...k;;

The distribution functions corresponding to the ranges are given

in Fig., 1.2.12 to 20 and the statistical characteristies in
Table II.

It is important to observe, that the increase of the upper decile~?
with the shiplength is greater than the 1ncrease of the nedian,

the mean or the lower decille, '

For the straight lines in Fig. 1.2,01 and 02 approxinatiug the
increase of mean, median aLd decilesjwith the ship length,the fol-}

lowing formulagare valid:

Mean = 0,0662 Lpp m + 0,70 m
Median = 0,064% Lpp m - 1,12 m
Upper decile = 0,1164i L m + 3,98 m

0,0238 L, m - 1,25 m,

Lower decile
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It is elear that the formulas are only applicable to the

considered range of ship lengths. In Fig. 1.2,05 a compa-

rison of mean and median with the 1960 Convention formula

1 = 0,03 L__ + 104 is given,
; e
Mr

In fig . 1.2.04 the partners of collision are plotted,
~on the abscissa the struck ships,on the ordinate the
ramming ships.The straight liné runs through two circels
which mark the means of ship lengths less and more than
100 m , both the ramming and the stuck ships. The mean
of all stiriking and struck ships is marked too.

One can see the larger ships are striking the larger too.
‘his may be the reason that the larger extensions of

damage occure to the larger'vessels.

-
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1.3 1Influence of place of casualty on the distribution

of'da-age length; collisions only _ o S,

_

The distribution fuﬂctioﬁs of the daiage length for diffe-
rent places of casualty is shown in ;ig; 1.3.01 to 12,

In order to exelude in a certain degree the influencé of
the ship length, the sample has-‘been splitted: The figures

show the distribution of damage lengths of ships with

Lop € 100 separated from that of ships with Lpp * 100 m,

Some characteristie values of the distributions are given
'in table IV and 1V,

So far as the small sample ailow a statement at ail; it can
be observed, th#£ the 1dg normal distributipn fits the di-
stribution of damage Iengfﬁ'svobtained for different places: )
of casunalties, y ._4 : kf‘
In order to exémine, if the difference between the distr1~'if§7
‘bution function for different places of casualty are caused gi
by the random scatter éf the data or if there are real di- jEJ

ferences, sign1ficance|tests accordlng to Smirnow have beeu

made, f

‘max is the maximum difference between two distribu;iqn .

¥

functions, which with probability @& is not exceeded, if

the difference between - these two dlstribution functions 1:

i
caused by the random sct{ter of the data.

.o‘»"-t'.lr =1*:'é‘k_hk-‘-:h‘h‘ e ix S , OO
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If the difference between two distribution functions is gregtar,i

than A there is - if & is a small value - only a small

max’
probability, that the difference is random and that the distri-
butions really would be the same, In this case it can be stateﬂ;‘
with a high degree of certainty, thgt the distributions are

different,

If the maximum difference between two distributions are smaller 5

than 4 this does not mean, that the difference is only ran-‘

max’

dom and that in realty both are the same distributions., It only

means, that it can not be excluded with a high degree of pro-

‘bability, that they are different.

The following table shows, that in this case the number of data
is to small to state, that the distribution functions for dif-

ferent places of casualty are different,

=

f Table

Dependence of damage length on place of casualty
: I | A

Lpp less than 100 m -

Comparison between the ! greatest difference significance
distribution functions A between the distribu- limit

of { tion funetion *ons for‘:ls%
harbours and coast areas 2% 24 . 0%
harbours and open sea 28,5% 30,7%

coast areas and open sea - 29,5% . 32,8%




Dependence of damage length on place of casualty

L__ more than 100 m.

PP
- comparison between the greatest difference sigdificance
N distribution funections of between the distri- limit
bution function 4 fora =5%
_ . max
.EQ‘I\ .
harbours and coast areas 10,9% 18,5%
harbours and open sea 7,0% 28,5% -
coast areas and open sae 8,8% 28,2% ~ 3

In this connection it is of interest to observe the distribution'
of casualties upon the places on which they have oecured, With
all the reported data the following percentages ‘have been

established;

collisions groundings and 1

: strandings ;
harbours etc, " 40,9% » 56,9%
‘coast areas | 40,4% 32,8%
open sea : 18,7% : 10,3% .

o ]

A
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In this case also log-normal distributions fit the empi-
‘rical distributions of the damage length (fig.1.401-06)

From the figures and from Table V it is to be seen that
there is a strong dependence of the damage length on

the ship length,

A comparison with the results of 1,1 (especially Table X
shows, that the damage length due to groundings and strand-
ings more -frequently reaches the greater values than those

m

due to collisions,
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2. Penetration of damage

ES 2 & 2 £ 2+ 1 3 5 2 3 3 S F T 3 X 3
The distribution function of the penetration.of danage
is given in Fig. 2.0.01 and 2,0.02 resp. Fig. 2.0,03% and
2,0.04 for ships with Lpp less resp, more than 100 m,
The figures show, that shifted log-normal distributions

fit very well the empirical distributions.

Some statistical characteristics, calculated from the

damage data are given in Table VI,

The figures and Table V1l indicate a strong dependence

of the penetration of damage on the ship length,

In fig. 2.0.05 comparison is given between median -
resp. mean of damage penetration in dependence of beam
and pqnetration of Convention Fornn{g b =0.28B

( see Regular 7 4 ii ).

e
’




3. Location of dilagé

B

el . Dist;nco of dngg;ol from the th perpendicular

g Histogra-s resp. distribution functions of the distance
ol of damage from the aft perpendicular are given in
| it Fig. 3.1.01 resp. 3.1.02 for all ship lengths; collisio

Fige.3.1.03 resp. 3.1.04 fér all ship lengths, groundiﬂ.g.

and stramdings ”1
SR : _ i ﬁ‘
£ Fig. 3.1.05 resp,“3.1.,06 for ships with Lpp«f i00 m; *i
| collisions
?, : v v =B '1
7 Fig. 3.1.07 resp, 3.1,08 for ships with Lpp 2 100 m; ;
 ; : o2 i Py - collisions, '{

It is difficult to observe any regularity in the histograms

;1
,4
and the distribution functions, The only fact to gather fralg ;
the figures and from medians and deciles is, that the fre- E;]
quency of damages of the forward part of the ships is highcrri

Wthan that of the .aft part and that relatlve high frequency -

occur about the lidshiw section, ‘
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’1342.'Bigtnncﬁ,of ﬁggggpg above keel

An' estimation of the frequency of different vertical

positions of damages is given in fig. 3.2.01. This histo-

‘gram shows, that about 30% of all damages extend nearly to

the bottom of the ship, Below the half draught extend
about 60% of the damages and ca. 15% of the damages have

their lowest point above the line of flotation.
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4, Relation between damage length and location of damage s

In order to invegtighte the rélﬁtion between damage length '
and location we consider first the hypothesis, that they i
are independent, In this case the median of the qamage |
length must be nearly constant over a relative broad

interval AB of the shiplength (;f. fig. 4.0.01 and 4,0.02).
This holds not only for pa}ticulgr shiplengths but also

for a range of shiplengths (clearly in this case only for

the smallest interval AB of the involved shiglengths).

The figures %4,0.01 and 02 show a range AB of 64% Lpp for

ships with L of about 50 m and AB = 72,6% Lyp for ships

with L__ of about 150 m. :
PP

In fig.th.0.0B the medigns of the damage length (collisions
only) are plottet against the distance of centre of damage
from A,P, for all shiplengths, The mgdian'is esfahlishéd
with the damage data, ﬂecause of the small number of data.
for each intervall, wegcan not expect, that this median has
the same value as the Aedian, which could be determiﬁed from :
a for greater number of data, The shaded strips about the

median in fig. %4.0.03 cover with probability of 90% resp.

95% the “"real" median (that is the median, which we would

~determine, if we would have a very great Aumher'of datas);'ff;

From the fig. 4.0.03 follows, that the'hypothesis that the

medians in the intervals in the range AB are equai, can not

-
#

iy 3
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be rejected. i-t.. tma ama not nnn, that they are g@ﬂ

¢ S

!ﬁts ucaus hdth othervworq;: @h& nunher of dat;,ia tif

\‘1

in order to make other stctencnta thau that: It is not yuw-

possible, the nodiuna are equal
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;'35_ 5. Wind and sea conditions at time of casualty

I

The quite limiteddata makes it ilyossible to determin-

et il b
1 oy ,"‘

¥

the exact relationship between wind and sea conditions
~and the occurence of casualties resp, the extension of

damages; In order to get approximative results at least

Pl e
1]
Ty,

= : for the first case (weather and occurence of damage) two

ways seem practicable:

ffb ‘ 4 1. The conditional probability resp, distribution of wind
_ and waves occuring at the same time as casualties is de~-
términed. In this way we would get the desiered 91st;1bu-
tion, but this distribution would-be very.inaccurate be-

céuse of the statistical scattep of the data,

2, The abolute distribution ofﬁwind and waves without re-
gard to caéualties is acceg}et althoﬁgh;theée distributions
give/only an approximative probability of wind and waves oc-
curing at dasualties; For this case exact diéttihutions are
well known from the report% of weatherships étc; these alﬁo
show the dependence of ﬁinq and waves on different locations,

| ‘ =
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Dependence o f damage extendad
on number of decks

At the third session the working group agreed to supplement

the particulars previously submitted with informations as to
the number of decks involved in damage.

Unfortunately the number of applicable data to calculations was
very small and so no fairly secured results have been obtained
available in time to the members of the last session of the
SDS-Working Group .

After having obtained some more data the investigations have
been repeated , but the results of the new calculations estab-
lished by the greater number of data do not differ significant-
ly to the previously obtained values.

Considering the number of decks in the range of damage of
struck ships , investigations have been made to ascertain

a dependence of the damage extend on the number of decks.

As it is known already that there is a strong dependence of
damage lengths on lengths of ships some groups have been estab-
lished arranged to the type of ship and to the length Lpp.

The following system led to samples.

Dry Cargo Vessels and Passenger Ships

Lpp less than 100 m Lpp more than 100 m
1 deck 1 deck
2 decks or more 2 decks

3 decks or more

Tanker

Lpp less than 100 m Lpp more than 100 m
1 deck 1 deck
2 decks or more 2 decks or mere



It was supposed all decks which had been informed for in

the report had been involved in the impact in the range of
the damage extend although this was not evident in all
submitted informations.

The number of data was reduced by the fact taat in many cases
the number of decks was known when the extend of damage was
unknown and vice versa .So a part of the informations was
without use to these calculations. This lack was not to re-
move although a certain number of nations had submitted the
number of decks for various ships,gathered in the damage
cards. In the following part a description of the way of cal-
culation is given. '

The means of the damage lengths of each established sample
are shown in Fig. 6001 ( and Fig. 6001a with an increased
number of data ). The circles mark the means of damage lengths
in dependence on the means of the Lpp-lengths of the samples.
Additionally the straight line of Pig. 2.1.01 of the " Sta-
tistical Analysis of Casualties to Ship Hull ™ SDS IV / 6

is shown too »

Suppose parallel lines drawn through each of the circles to
the given straight line of means of damage lengths, If there
would be ‘a remakable influence to the extend of damage in
dependence on the number of decks in this range the calculated
means for every established sample would differ in an obvious
manner.The means of ships with a greater number of decks
would be found below the straight line of fig. 2.1.01 .

One can see , this assumpﬁon being not confirmed, the bigger
vessels have the greater number of decks but the larger ex-
tends of damage too. Also a study with a greater number of
data led to nearly the same result. ( C.f. Pig. 6001a ).
With respect to cargo-vessels submitted data allowed some
detailed calculations. Special comparisons have been estab-
lished for four samples. ( c.f. Fig. 6002 - 6013 ),
Calculating the distribution functions of damage lengths in
dependence on the number of decks for certain ranges of Lpp,
no significant differences are pointed out,comparing the

distribution functions by Smirnoff Test. The same result was
found by

g




comparing the frequency of a certain product of damage
length and penetration of damage.
The result of these calculations is :

No influence to extends of damages can be stated with respect
to a greater number of decks in the range of location of damage,
but nevertheless it cannot be stated that there will not be per-
haps such an influence. Submitted data are too scarce to estab-
lish more detailed calculations with a minimum of statistical
truth,



Table I
1.1 Characteristics of Distribution Punctions of the
Damage Length;Collisions only.(c.f.Pig. 1.1.01 = 1,1.06 ).

range of Lpp - all <100 m 2100 m
location of casualty all all all
nu&ber of ships 312 125 187 .
90%confidence limits 6.9% . . 10.9% 8.9 %
mean 7.88 m 4.83 m 9.97 m
standard deviation 8.08 m 5.39 m 9.01 m
constant a ‘ 5.0 m 1.0m 3.0 m
median 6.00 m 2.90 m 7.90 m
upper decile | 19.2 m 1.3 m 20.7 m

lower decile : 0.0 m 0.20 m 2.10 m
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Table II a

1.2. Characteristics of Distribution Punction - Dependence
of Damage Length on Length of ShipﬂCollisions only.
( C.f. Figo 1.2.01 -1’2003 and 102.11 -102020 ).

range of Lpp : 25 =40 m 40 -60m 60 -80 m
range c.f. fig.1.2.01 21 b c
location of casualty all i BAk all
number of ships 25 26 23

90% confidence limits 23.7% 23.3% 24.6%
mean 1.90 m 4.0 m 6.20 m
standard deviation 2.35 m 3.19 m 5.97 m
constant a 1.0 m 1.0 m 1.0 m
median 1.10 m 3.10 m 5.00 m
upper decile 4.90'm 8.57T m 12.0 m

lower decile 0.0 m 0.77T m 1.77T m




Table II b

1.2. Characteristics of Distribution Punction - Dependence of

Damage Length on Length of Ships;Collisions only.

( Oofo Pig- 1.2.01 - 1-2.03 and 1.2011 - 102.20 ).

range of Lpp

range c.f. Pig.1.2.01
location of easualty
number of ships

90% confidence iimita
mean

standard deviation
constant a

median

upper decile

lower decile

80 - 100 m

d
all
19
27.2 %
5.40 m
5.44 m
1.0 m

3.40 m .

12.35 m
0.46 m

100 - 120 m
e
all
22
25.2%
9.15 m
8.98 m
3.0 m
6.00 m
21.32 m
0.30 m

120 - 130 m
- 4
all
38
19.5%
9,80 m
6.06 m
3.0 m
8.50 m
17.85 m
3.35 m




Table II ¢

1.2. Characteristics of Distribution Punction - Dependence of
Damage Length on Length of ShipgCollisions only.
( c.f.Pig. 1.2.01 -1.2,03 and 1.2.11 = 1,2.20 ).

range of Lpp 130 m - 140 m . 140 m - 150
 range c¢.f. Fig. 1.2.01 g h

location of casualty all ' all

number of ships 41 23

90% confidence limits 18.8% 24.7%

mean 10.40 m 7.60 m

standard deviation 7.78.m 6.00 m

constant a 3.00 m : 3.00 m

median . 9.00 m 6.10 m

upper decile 18.88'm 15.45 m

lower decile 3,58 m ! 1.49 m

.




Table II 4

1.2. Characteristics of Distribution Punction = Dependence of
Damage Length on Length of Ships; Collisions only.
( cc‘fc Fig‘ 102-01 - 1-2.03 and 1.2-11 - 1-2.20 ).

range of Lpp 150 - 170 m 170 m
range C.f. Fig. 1.2.01 i k
location of casualty all ‘ all
number of ships 29 17
90 %confidence limits 22.0% 28.6 %

| mean 10.40 m 12,30 m
standard deviation 6.51 m 10.11 m
constant a 3.00 m '3.00 m
median ' 9.10 m 7,00 m
upper decile 18.58 m 30.89 m

lower decile 3.79 m 3 0.0 m




Table III

1.3.Characteristics of Distribution Function - Length of Damage

in Dependence on Plac

( cofo Figo 103001 o

range of Lpp
location of casualty
number of ships

90 %confidence limits
mean

standard deviation
constant a

median

upper decile

lower decile

e of Casualty
t.53.12 ).

<100 m
harbours

3 Collisions only.

<100 m
coast areas
39

19.2%

5.10 m

5.51 m

1.00 m

3.00 m
11.78 m
0.23 m

<100 m
open sea
19
27.2%
3.02 m
3.90 m
0.0 m
1.10 m
6.74 m
0.20 m




Table IV

1.3.Characteristics of Distribution Funetion - Length of Damage

in Dependence on Place of Casualty

( C-f.Fig. 1.3001 - 103012 ).

range of Lpp >100 m
location of casualty habours
number of ships 80

90% confidence limits 13,7%
mean 8.88 m
standard deviation 793 m
constant a 2,00 m
median 6.70 m
upper deciie 19.40 m
lower decile 1.55 m

Collisions only.

>100 m

coast areas

‘88

12.8%
11.07 m
9.98 m
2.00 m
8.50 m
22.50 m
2,51 m

>100 m
open sea
22
25,2%
9.85 m
7.97 m
0.0 m
11.00 m
20 28 m
2.42 m




Table Vv

T«4.Characteristics of Distribution Function of Damage Length
Strandings and Groundings only . ( c.f. Pig. 1.4.01 = 1.4.06 )

range of Lpp all <100 m >100 m

location of casualty all all all
number of ships 77 25 52

90% confidence limits 13,6 % 23:T% . 16.6 %
mean 18.50 m T.47 m 23.80 m
standard deviation 25.40 m 11.50 m 28.60 m
constant a{ 1.0 m 1,0 m 0.0 m
median 6.00 m 3.00 m 7.60 m
upper decile 42,70 m 18.10 m 52.50 m ,

lower decile G.10 ' 0.00 m 1.0 m




Table VI

2.1. Characteristics of Distribution Punction - Penetration of
Damage in Dependence on Lpp ; Collisions only.

( c.fo Figa 2.0001 - 2.0004 )o

range of Lpp <100 m 2100 m
location of casualty all - all
number of ships 104 X 141
90% confidence limits 11.95% 10.30%
mean 2.23 m 4.61 m
standard deviation 2.20 m 3.87 m
constant a 0.75 m : 10.00 m
median 1.60 m 4.30 m
upper decile 4,90 m 8.45 m

lower decile 0.23 n 0.98 m
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Distribution Function of Damage Length

for ships with Lpp less than 100 m,collisions only
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Distribution Function of Damage Length
for ships with Lpp less than 100 m,collisions only

Fig.

11. 03

Damage Length in m
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Distribution Function of Damage Length

in dependence on placeof casualty for ships with Lpp
less than 100 m. Collisions in harbours, rivers estuary tradings.
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Distribution Function

Distribution Function of Damage Length
independence onplace of casualty for ships with Lpp more
than 100 m. Collisions in harbours, rivers estuary tradings.
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Distribution Function

Distribution Functionof Damage Length
in dependence on place of casudlty for shipswith Lpp less
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Distribution Functionof Damage Length
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Distribution Function of Damage Length

for ships with Lpp more than100m,
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in dependence on ship length, collisions only

154
u y = 0.0662+0.70m
& 704
g 1
S all ships withLpp
O | less than 100 m
X -
U _ .
pe
*
oo —te— b —te— ¢ —wa—  —te— @ —to—AfeteGhr | —de—Kk
T — T T T T T v - v Y r T T T —r—
0 50 100 150 200
Lpp in m

Fig. 1.2.01

1%




Jnfluence of Number of Decks
to Mean of Damage Length

. Collisions only
20 -
¢ cargo ship
1 t tanker
15 I-L number of decks
] I..41 number of ships ¢t
m=00662Lpp+0.70m
10 -
g ]
S
c
s s
>3
Y v T ' ! ' ) ' ) X ; i
0 50 100 150 200 m
Lpp in m
6.0.01

68




Frequency and Cumulative Frequency

| of forces of se@ according to Beaufort's scale l
for casualties of ships occuring in all :
10071 pavigated roads g
- ] groundings and strandings 23 datas [
g
>
S
c }
Q.
}
>
g |
W
50
T
0 1 2 3 4 5 6 7 6 9 10
Forces of sea according to ;
‘Beaufort's scale {
100 ?

g

50

s

Cumulative Frequency in %

-

S
T T

0 ! 2 3 4 5 6 7 &6 9
; Forces of sea according to

Beaufort's scale t
Fig.5.1.11 -




Cumulative Frequency in %

Frequency and Cumulative Frequency

Frequency in %

‘ of forces of wind according to Beaufort's scale
for casualties of ships occuring in open sea etc. Q)
100 - :
| groundings and strandings only 10 datas
50
0o 1 2 3 4 5 6 7 8 9 10
Forces of wind according to
Beaufort's scale
|
100 ) I
|
!
50 {
*r—-—*F - R |

R

1
s
|
i

o _{,__:T e
H |

o -
0 ! 2 3 4 5 6 7 6 9
Forces of wind according to

Bea ufort's scale

“4—

Fig.-5.1.10



Frequency in %

Cumulative Frequency in %

100

Frequency and Cumulative Frequency

of forces of wind according to Beaufort's scale
for casualties of ships occuring in coast areas (@

groundings and strandings only 24 datas

n
o

L o

0 1 2 3 4 5 6 7 8 9 10
Forces of wind according to
Beaufort's scale

100

g

(§)]
o

[P -

i

,.__4;,____<r__‘,, —_
i
+

- a—
—

0 ! 2 3 4 s 6 7 &8 9

Forces of wind according to

Beaufort's scale
Fig 5.1.09

o ey w e

|



Frequency in %

Cumulative Frequency in %

100 -

Frequency and Cumulative Frequency

of forces of wind according to Beaufort's scale
for casualties of ships occuring in habours @
groundings and strandings only 36 datas

50

-

1 2 3 4 5 6 7 8 9 10
Forces of wind according to
Begufort's scale

100

S50

————— -

I S R S L

i

_ |
m
|

o
“—

H 2 3 4 5 6 7 &6 9
Forces of wind according to

Beaufort's scale
Fig 5.1.08

R



Frequency in %

Cumulative Frequency in %

Frequency and Cumulative Frequency

of forces of sea - according to Beaufort's scale
for casualties of ships occuring in open seas

100
collisions only 24 datas
4
50
#EEEF
7 2 3 4 5 6 7 6 9 10
Forces of sea according to
Beaufort's scale
1
100
50

- S

B W .

! 2 3 4 5 6 7 8 9
Forces of séea accord/ng to

Beaufort's scale
Fig. 5.1.07



Frequency in %

Cumulative Frequency in %

Frequency and Cumulative Frequency

| of forces of sea according to Beaufort's scale

for casualties of ships occuring in habour approaches @
100

collisions only 102 datas

0 ! 2 3 4 5 6 7 8 9 10
Forces of sea according to
Beaufort's scale ’

100

50

e 'L —
0 ! 2 3 4 5 6 7 & 9
Forces of sea according 'to
Beaufort's scale

Fig. 5.1. 06



Frequency and Cumulative Frequency

of forces of sea according fo Beaufort's scale
for casuaities of ships occuring in habours etc. (I

100
- ] collisions only 86 datas
£
>
Q
c
s ]
o ]
o
e ,
& .
50
ﬂ#
0o 1 2 3 4 5 6 7 8 9 10
Forces of sea according to
Beaufort's scale
A
100

Cumulative Frequency in %
O
o

I ij_4

|
J»———a»— —

S

0 ! 2 3 $ .5 6 7 &8 9
Forces of sea@ according to

Beaufort's scale
Fig.§.1.08

v




Frequen C}; n %

Cumulative Frequency in %

Frequency and Cumulative Frequency

of forces of wind according to Beaufort's scale
for casualties of ships occuring in open sea - @

collisions only 31 datas

(&)}
(=

100

-

0o 1 2 3 4 5 6 7 a8 9 10
Forces of wind according to

Beoufort's scale

- -t

|
-
+— l

|
- 4

|

|

5
e

i

0 ! 2 3 4 5 6 7 &8 9
Forces of wind according to

Beaufort's scale

g+

TRS——

2o Ry ey



Frequency in %

Cumulative Frequency in %

Frequency and Cumulative Frequency

| of forces of Wind according to Beaufort's scale
for casualties of ships occuring in coast areas etc. @
100
] collisions only 108 datas
50
o 1 2 3 4 5 6 7 68 9 10
Forces of wind according to
Beaufort's scale
|
100
50 l
|
- - AVTAva :

| :
+ — e -
0 ! 2 3 4 5 66 7 &8 9
- Forces of wind according to

Beaufort's scale
Fig. §.1. 03



Frequency in %

Cumulative Frequency in %

Frequency and Cumulative Frequency

| of forces of wind according to Beaufort's scale
for casualties of ships occuring in habours etc. (1)
100
collisions only 123 datas
1
50
I
p—
o 1 2 3 4 5 6 7 8 9 10
Forces of wind according to
Beaufort's scale
|
100

T

—_————d - AI

(8]
()
1

-_T. ot —‘}— - + B
| i :
1 !
+——t v}>4 ~~-—T—- T "‘f—"—'~<‘f— e —d
i | !
i i ;
v,,4+,_,-_ 7<+-~v——f-— e - <+ <+ -+ ———tp
o o
S R P -

0 ! 2 3 4 5 €€ 7 &8 9
Forces of wind according to

Beaufort!'s scale




[ “_751.,_0_”100 200 300 500

99.5

97

1 1 L

96

95

90

;
1
R
S WS
D )
\J
)
—+

60 -

_.__%__‘__ b
+_....
|
L
|
3 —
Ny
1

[ SR S

Distribution Function (%] ———e

o - I} |
— 4 4‘, - - ; YL . f t 70 -
\ ] i/ |
N SN SO l 1 U WO Y S T O 4_‘/ L i | >6-0
U el R
—_ % ~—-T»— +- JP -4+ — / 1( - T)“ - ‘+ ‘ 50 -1
| - 7
—t Y 1 S —40 -
| 7/ TH~90% confidence limits

‘,4‘}— . ..‘ .' - y: . T~ i 30 -

20

i i ‘ J— l
. _— 4. L P U S S . - . s s e e e e
S 4 -4 [ R S S, GRS U S S U SU— Y
4+ S U - g - { - -

—_ 5 -~
! ‘ iR ‘ 4
e — e R e H+ 1 — —+ 3 A
- S SR _-_lf_ JL.;L; ] 2

~

- N | I ’ .
s b 4 e r-}»-/«#«k}v — 4 ~
JV ‘ S S J J

Distribution Function of bénélration |
of Damage |

|
|
| .
a= 10.0m ’ for ships with Lpp more than 100m ,collisions only.
i iTI[I T T T !
o A L—‘"_J“ ;:__JL),. e 1 o ( l’ a) n-m l -
2 3 4 5 6 7 8910 20 0 40 50 70 100

Fig 2004




71 99.5

Distribution Function [%]
~
N
|
S
o
1

~ 90% confiddnce Kimils

\N\

Distribution Function of Damage Length
in dependence on place of casualty for ships with

as0m Lpp more than 100 m. Collisions in the open sea
T T . T 1
' lin m —=

2 3 4 5 6.7.8910 2 0 40 50 70 100
Fig- 1.3.12 o




gy T

1 99.5 -
| 99 A
/
f 98
: 2
[ 95 -
H
3 , / /
S /
2 1 , +
¥ 4 // |
~ 60 -
§ )/ // +
'Y +
S - 7 70 7]
d V" \ + ,
Q A {
£ - p 50 A
2 |~ A N
Q // 4/ -~ 40 -
pd )77 [S0%cantidence imilt s w0 |
A1 !
g . /
e // 20 A
— 10 -
5 A
/ 5
/ .
! T
Distribution Function of Damage Length
i n dependence on place of casualty.for ships with Lpp
a=0m ‘fpss-than100m . Collisions in the open sea
| T T T 1
_ lin m —=— !
.2 .,3 4 .5 .6 .7.8910 ' %0 0 40 50 720 I»QO

i
<1

Fig. 1.3.10



20 40 60 6.0‘ 130 180 280 380 o0V

t in m -——o

s - 995

i

99

£ - 97
A 96

| W . R

T T

- Distribution Function [%] ———o=

N\

60

4 50

1\f 7 4 1
/// F— . @ 1
% '// 90% confidence limits RV i

20

¥
1

| D:stnbuhon Function of Darmage Length - 1
. . - F }in  anplace of casuaily br ships: Mwmm 4
a=20m . | | wm Cd&im’ncmlm aveplehmndc stroits d sn a

i

J T 'T . > S
Ll L teasinm —" 1}

of

3 4 5676800 20 2 so fo. - 100

B . Ay .
) T IE



00 10 2.0 4.0 60 &0 14.0 19.0 2YU YV ewv
[ in m -—&
99.5
= !
L ]’ 99 -~
4 98
1 7
* // 97
96 -
[ y 95
J 2
~ .
t ‘/ S / 90 a~
s / : / , |
S / A 1
c y, A - — 80 i
: / Zh ~T
w / P “ -
o
= : . ' 60
: -
2 /'\ . e )
s /,f’ Z_ 50 A
Q ,f)/. 7% P - = 40 -
pd / / ~~90% confidence limits|
/J . / : 30 -~
e / .
[ ] / . 20 7
9z / 1
/
. ',1 10 -
. ./ -
/ 5 4
f 4
] 3
2 -~
/
1 1 N
Distribution Functionof Damage Length
in dependence an place of casualty for ships with Lpp less than
a=10m 100m . Callisions incoast areas,swept channels ;straits of seq.
- T 1 T T T
(l+a) in m —=
! 2 3 $ 5 67 8910 20 30 40 50 70 100

Fig 1306

e it ot -

g, e v gt




0.0 10 20 40 60 60 13.0 180 280 480

99.5

I

96

11 L 1

/‘/ , / < 60 -

/ ' 70

50 -

Distribution Function [ %]
N

A ¥/ 90% confidence limits
: i 30 A

N
N
| Sttt

20 -

AR
Y, , 10 A

\

N
P

N
i

[0 B, ~.-<er.» E AT—. 7 -

Distribution Function of Damage Length
in dependence on place of casualty for ships with Lpp
a= 20m - more than 100m.Collisions inharbours, rivers, estuary-tradings.

T T T 7T
(l+a) in m —

2 3 4 5 678910 20 30 40 5 70 100
Fig.1.3.04




10 20 40 60 & 140 190 2.0 390 590
[ in m —&
99.5
99
| .l
T / 98 A
i ~ 97
' 96
? 7 95 -
S 7 > 90 -
c »
9 /] -
e 28NN — I
: / ./“/ < 00 =
3 / A
W / ///
[« . * g
2 / 4
3 7+ / 7 60
:g /.‘k y /'/ |
é / 77;\ 50 1
Q Z A / {0 A
A Y ~90% confidence limits
rz/ / / ’ 30 -
v |/
/’/’ ,////; A
7 20
/ / 1
o 10 -
2y
/ 5
" 4 =
= 3 A
/ 2 -
/
, -
Distribution Function of Damage Leng th
a=10m in dependence onplace of casualty for ships with Lpp less
than 100m. Collisions in harbours,rivers estuary tradings.
T T T T i
({+a) in m —e

4

5 6 7 8910

Fig. 1.3.02

20

- 30

40 50

70 100




Distribution Function

"Distribution Function

10

05

10 e e +
// T
A : -
/ +
/S ¥
/. /‘/.!-r .
A _
/ . L—
0-5 47*“’ ——t oy — ;7Z
./"
' + . aumber of ships 17 |
y
] . //_/
4 90% confidence limits 28.6 %
o |
+ 7

o+

/ <
—t—b— s s A yroemey—y—y- —— ——t— —r—r—
0 10 15 2 25 30 |

Distribution Function of Damage Length
Lpp in @ range from 150 to 170m

Fig.1.2. 19

. U T— e PO ~} 4 —
1”_—— N
e ] I
- number of ships 29

~1 90% confidence limits 22.0 % t
B _ ——— I S —
—t— v T = Y LMD v e T

10 15 20 25 30

Damage Length in m

Distribution Function of Damage Length
Lpp more than 170 m.

Damage Length im m

[P

e — i Ty g v 3o

SR ————

gy e S e e o i



Distribution Function

Distribution Function

Distribution Function of Damage Length

Lpp in a range from 130 to 140
10 : B - S —

+number of ships 41

-190% confidence limits 163 % —————

-1 Y T T AN § T T T T Y L T T P‘

20 25 30
Damage Length in m

Fig. 1.2.17
I Distribution Function of Damage Length
Lpp ina range from 140 fto 150m
1.0+ — e
| . /""
: +
/ 4"/ v
/( +/ ,/.
. . -
/ / ~ -
0.5 ot o
/S K
4 /. numberof ships 23
/ + // S
vaa - # 90% confidence limits 24,7 %
+ : '
J 1/
i
- /
/
0 5 10 15 20 25 30 |

thi
Fig. 1.2.18 Damage Lengthin m




Distribution Function

Distribution Function

Distribution Function of Damage Length

| Lppinarange from 100 to 120m
,-0 — — R i e - - —— - oy e
,-/ ~ +
S e ﬂ%w e N .
- / T | e
-+
+ “,, P — -
. " /./. T
i
e
- 4;/- B "N —
]
~
yd .
: number of ships 22 —
S -~ 1 90% confidence limits 252 % |———
v vt L/ A S S SR S S R 1T T 7 Ty -
0 5 10 15 20 25 30
Damage Length in m
Fig. 1.2. 15

Distribution Function of Damage Length
[ Lpp in a range from 120 to 130 m

10 e e o S Sr—

number of ships 34

90% confidence limits 195 %

10 15 2 25 - 30
Damage Length inm

Fig 12.16

LIRS — T T T Tt e
.



10

Distribution Function of Damage Length

Lpp ina range from 60 to -00 m

Damage Length in m

Fig 12 14

PR L A SR
. :
-_._7,/, I #/r/——'——r S, 4
B ¥ 2 = |
. { /""_——1——_— I B
S / ;
S | |
Q as —~7l . |
Sy @
= / number of ships 23 b—
3 ’
g L5/ 90%confidence limits 2%6 %
i L7 - ;
s 1./ ) _ S
+ / /
?l N e S R i
+ /
L] ‘1‘5 A L T - T T B L] v ‘ v v v v A A L | v A ¥ P‘
0 5 10 15 20 25 30
Damage Lengthin m-
Fig 12.13
_ Distribution Function of Damage Length
4 Lppina range from 60 to 100 m
10 - - - — e
7/ o )
l/ * /
4 - -
c / ;
.g 4I[ - — e
O ] ,——1!’"./
w / / AT N
o . / rd
205 / el -
3 / ] .
°§ f / // number of ships 19
a { 4 // 90%confidence limits 272%
+f /
, _/
1 7
/ s .
o] v ) § g v — T T -y T 7 T T T - o T ) g Y "
0 5 10 15 2 25 30




Distribution Function

Distribution Function

"0 ] .7 - Y T '*’“‘r_*‘ T '1[""—‘_“
¢ S e N
- - b SR
- |
e —
S
05
number of ships 25 S
- — 4 90% canfidence limi ts 2.7 % +————
J # 4 R —— -
¥ -
J' z P
~T T T M T T EERAS Y A T v T LN R S LA o
0 5 o 15 20 % 30
Fig 12.11 Dama ge Length in m
DistributionFunctionof Damage Length
* Lpp ina range from 40 to 60m
,0 /r‘ “—1:/—;; S
e
/| £
/ e ) "__4_____.___._—--—-L—
,f y, f/‘/' ‘
. /
/ + o J
I f |
. ’) _ —b
05—+ 7
/, [ f number of ships 26
[ 7/ 90%confidencelimits 233 % ——
o
/
[Y'ﬁ U N — ¥ — e
o 5 10 15 20 25 30 '

Distribution Function of Damage Length

Lppin arange from 2 5 to 40m

Damage Length in m




00 20 40 6.0 120 170 270 470
l in m _1—’.
; 99.5
f / 99 -
] /-
/ A 98 -
j // 97 -
/ / 96 -
4 95 -
3 / /
N /./ VAR e 90 -
e . . ‘
0 / /V /./ - 4
o / .
g —f 1~ ~ 60 -
=~ AV
W /./ . 1/'
c / 0 / 70 -
= / :
3 Il 77 60 -
R //’
-g 4 /7 50 1
S v ]
754 k 40
/ /1 /> 90% confidence limits
777 30 -
be / t ..
I'/ / 7 20 A
AN 1
K4
_ /
-t /
/ 10
/ .
av .
y, / -
. T 4 -
/. . / .
7 i 2 -
A || ]
Distribution Function of Damage Len gth
az=30m for ships with Lpp morethan 100m , collisions only
T T T T 1
. (l+a) in m —
3 4 5 67 68 9 10 20 30 40 50 70 100

Fig. 1.1. 06




Fig 1..04

00 10 20 40 60 80 140 190 290 490
l in m -—&
/ 99.5 1
: 99 -
[ -/ 98 -
/ /. 97 -
A 96 -
: 95 -
V /| -
~—
. / /
< : - . 90 -
s -1/ // =T
g / }' . // 60 -
S Va1
W / - //
s 4.3 70
— 2
3 7"< o 60 -
..e 0 . o Ny ./
o ! 50 A
2 S NG
Q VA 40 A
Y / /_/ 80% confidence limits 0 |
P / . (
;/'/ y4d ,'/ 20 A
v / 0 -
./ |
s {
f 3
2 A
! -
Distribution'Function of Damage Length
a=10m for ships with Lpp less than 100 m,collisions only
T T T
(l+a) in m —e
7 2 3 $ 5 6 7 8910 20 30 40 50 70 100




jF —

10

Distribution Function of Damage Length
in dependence an number of decks ; ships with Lpp less than 100 m

] deck

coll:.s:ons anly

V4

Fig. 6.0.03

Domage Length in m

S
< 05 _
Q
é ] dry-cargo vessels
N 39 ships
2 — = - - 90% confidence -
3 : limits - 19.2 %
- [
S e e I E
z |
/
M . .
0 N T T A\l 1 Y T T v 1 T T T
5 ro 15 20 -25 30
Damage Length in m
Fig. 6.002 i
Distribution Function of Damage LenF
| in dependence on number of decks i ships w:lh Lpp less than100 m
2 decks collisions only
#* R M e e
7——’/«%—/» h“: IS
c / ] B -
S . .
13 7
S5 / ‘
W I // dry-cargo vessels
8 /. 7 26 ships
3 / - // 90% confidence .
T L7, / / limits 233 %
“ .
Q * / ! )
A
. !
| |
0 +—h—— + T +~— — 7T yr———t— 1‘r-—‘-
5 10 15 20 25 - 30



Cumulative Frequency Polygon of Product

l'xb

Product of Damagelength and Renetration in m?2

Fig.600¢

| Dependence ot domage extension on number of decks ; Lpp less than 100 m
10 ldeck collisions only
' —1 17 T ]
4 * J F .« ] + e _ N
! —
+ l e r + A
|
i — .
e e e S T S—
S dry-cargo vessels
% . 39 ships
My !_ 90%confidence
o | limits 192 %
2 -+ |
]
3
g - o
J
Q
T v Tt T v T T v T T T T T T —
0 10 20 30 40 50 6 70 & 90 100 >100

Cumulative Frequency Polygon of Product [xb
Dependerce of damage extension on number of decks;Lp les% than 100 m

2decks collisions‘ enly
1.0 - : - _
e o | 1 )
- = 4 I - L S
- T e
- — - o SRR SN ——
> r ]
g I ,._{,- R T — r | - +4 S
S I T
§0.5 _ ] : 4
5 | - e dry-cargo vessels
v __I ' - 26 ships
3 B ||| 90%confidence J
3 +— limits 23.3% |
§ T"J R S RO " -4
© I
0 — T T ~ v» T - T — Y Y —T T T T 1—-—
10 20 30 & 5 60 70 &0 90 100 >100

Product of Damage Length and Penetration in m€

Fig. 6.0.05

T R g a3 e,

™ ..mwmv "'”'—




b e

b = Penetration of Damage in m

Relation between Damage Length

and Penetration of Damage
cargo vessels with :%&.\. Lpp less than 100 m
39 ships collisions only

e e e e 4

T T T— T G—Q =T T | T &.Q T T LR | NW.Q T

Fig 6.006 | = Damage Length in m



i

o
o
T

]

mage in m
1

b= Penetrgtion of Do
S

Relation between Damage Length

and Penetration of Damage

cargo vessels with 2 decks';Lpp less than100m
26 ships collisions only

Fig 6.007 I s Domage Length in m



Distribution Function

Distribution Function

1.0

Distribution Function of Damage Length

2 decks

independenceon number of decks ships with Lpp more than 100 m
collisions only

|/
0s S
/i ! / //‘ dry cargo vessels
7 7 7 1 30 ships
Yy / 90% canfidence
/ / s T T dimits 21.7%)
AN S -
/Tv—w—/vﬁ r—r ‘ﬁfl'.‘lY" T T rT7 o o
0 5 10 15 20 25 30
' Damage Llength in m -
Fig. 6006
Distribution Function of Damage Length
in dependence on number of decks ships withLpp more than 100 m
10 3 decks collision only
. I Y 4 ) — I
/ / /"/‘ Vf/* |
| I -
L4 ' / ‘
/ e /
v '
-
0.5 VA -
dry cargo vessels
41 ships
90% confidence
- limits 187 %
-_—,J'/
!'ﬂ /
o-v——v—ﬂ—‘-% Y -+ Tr—r— —r——rr vyt ,,.-—'
15 2 25 30

Damage Length inm

Fig.- 6.009




Relation between Damage Length

and Penetration of Damage
| / / _.,/ / \ / \ N . cargo vessels with 2 decks: Lpp more than100m
| Vo \ \
_ﬂ

|

150

]
30 ships ~collisions only -

D = Feneltragtion orbamage in m

[ = Damage Length in m

Fig60.70



T
P

b = Penetration of Damage in m
1

Relation between Damage Length

and Penetration of Damage
cargo vessels with 3 decks;Lgpmore than 100 m
35 ships collisions only

R

5.0
Fig. 6.0. 11

100 50 20
I = Damage Length in m



Cumulative Frequency Polygon of Product [ xb

T

“ Dependence of damage extension on number of decks. Lppmore than 100m
2 decks ‘ - collisions only
10 T ’ T |
S )
I i B S I ]
-# — e - — —
T | r
J—
i _JF ~ +—
o 1t T —
s = i
& — B S dry-cargo vessels
.g ‘Tj | jj 30 ships.
3 T 90% confidence
P J limits 2.7 %
S p N
Q J ....... 1
”‘-.::'::J, —— — L S
Y +—t— - v — t = T T T T T T
0 )0 20 30 40 50 60 70 & 90 10 >00

Cumulative Frequency Polygon of Product

Dependence of damage extension on number of decks . ; Lpp more than 100 m

Product afDamageLepglhand Penetration in m?
Fig. 6.0.12

lxb

3 decks collisions only
10+ - - _JF . - ——
_ ™ I
4 SRS S R o S
+—
. _ S e —— —
1o r
T : +—- —
T -
e _ N
a ] .
.5 - F - S S S
dry-cargo vessels
': N — I S R At 35 ships T
2 N i 90% confidence
S T limits 20.2% |
D -
g - ] . o
S
o . B
g e —
0 20 X 40 60 70 & 0 >4

Product of Damage Length and Penetration in m‘?



2 3 4 5 6789 14 19 29 39 49 59 MW
[ inm —
f
,[ 99.5
/ 99
I 98
B, ! 97 1
-~ [ 96 <t
S Y, 5T
& / //
L 3 ><—— 90
L / .
c : /
2 b A |
3 A —t 80"
Q : ar
S / A A=
v y . P
S 2z 5 70
A //\
// ) J// 60
. L
L ,z/ 50
A
/' /(/ .'/x\ 30
— / -.// ™~ 90% confidence limits
. /,/ 20
/ /
: / 10
5
4
; 3
/ 2
/ ,
!
| Distribution Function of Damage Length
a=10m
for all ships , groundings and strandings only
(l+a)in m —_—
3 4 5 10 20 40 60

Fia 14 N2




Distribution Function of Damage Length
for ships with Lpp less than100 m

strandings and groundings only
25 ships 90% confidence limits=23.7 %

Distribution Function

Fig, 14.03

Damage Length in m

/| ]
\.\.
) \.\ mean 747 m
P id limi standard deviation 11.50 m
\ 90% confidence limits median 3.00 m
4 upper decile 18.10m
lower decile 0.0m
/ 3
.\
[/
L \
/ -
10 20 30 40 S0 60



/ 3 4 567889 14 19 29 39 49
LT
[ in m —_—
995 __|
’ 99 |
oA
897 —
/ /96 -
— 95
S / ] / .
g / /
3
W ) 4 80 —-
[~ - L
2 v yd
3 - =
T':)' yd 4"/. 60
S 4 ~
s 1~ 50 —
././ ] A 90%confidence limi(s w0 |
. s
: < 30 —
/ A
/ 20 1
10 —
5 ——
/ 4 ]
/ I
~f 2 —
/
t 1
Distribution Function of Damage Length
=1.0m for ships with Lpp less than 100 m
strandings and groundings only
l( Il+¢; )r lnn m ¥ T T T T T
| I N . ' 1 1 ! .
4 6 8 10 20 30 40 60

Fig. 14.04



Distribution Function

Distribution Functionof Damage Length
for ships with Lpp more than 100 m
strandings and groundings only

52 ships 90% confidence limits=166 %
1.0
\~ \ ..\\J.\I.\\ll — T
A s ] —1 _
: . L—
\ \ o
. \.. \
\ \ x\,oc.x. configence limits
o5l / pd
\ \ mean 23.8 m
\. \ standard deviatian 28.6m
. median 76 m
\ \ \ upper decile 525 m
\ \ lower decile 7' m
/
\ /
A _ i . . . . . :
0 10 20 30 40 50 60 70 80 90 100 110 120

Damage Length in m

Fig. 14.05



* i
99
.\ 98
/ o6 L7
: .\ vw.\
# y Pl
~ 2 .1 90
/
32 . \ .
» / \
8 / ¥ 80 |
< \ \ . ..\\.
m \\ \ e g
by ) O — 70
L . . T
5 T Lo 60
= e L | A
H . - > 50
2 — \\ —
2 7 v 40
Q P \ A
A e 30
e \ L 90% confidence limils
e - 7 20
. Y
. 10
e % o .
/ Distribution Function of Damage Length
A \. for ships with Lpp more than 100 m i w
e e strandings and groundings only 3
- /
a=- 0m
\ m T T T T T T T T T T N
[l in m ————=
L s 1 [ ] : . [
03 05 10 20 40 60 60 100 20.0 40.0 60.0 100.0

Fig, 1.4.06




Distribution Func tionof Penetration of Damage
for ships with Lpp less than 100m collisions only
104 ships 90% confidence [imits = 11.95%

10 —
/'/‘ %'/‘/—j .
.’/ / e — 1
/'/ f/ /»-/""’.
. . . '/’., |
e
- AV ‘
/1 /£ 7 90%confidence limits
;Y.
/1)
05 /-
r / )
/‘/ /
F
Iy,
v
/’/ i
17
-/
 /
A/
0 50 10.0 150
Penetration of Damage in m
mean 22m
standard deviation 22m
median 16 m
upper decile 49 m
lower decile 02m

Fig. 2 0. 01



0.1 125 225 425 625 Q5 9.25

' UL
[ in m ———w
t // 99 —
E I / 98 —
; / —
c i J4 97
‘S ' / ]
= / ; 95—
g A%
W A 90 —
. A VI =-
2 / ” A -
: I' .~ 0 ]
Q 7
£ /./ / ,/‘/
R4 7 7~ 70 ]
3 /A
s/ / 60 —
K4 / v
/ / ‘/'
A 77 50 —
/' y \1'/
g 40
// /'/\~90‘/.conﬁdence limits
/ ./' 30 -
vy S/
T 20 —
/'// / / N
] /
% 7 10 —
/ /
/ / 5 |
[ é —
/
T 3 —
// / 2 —
7
[
{ ! —
Distribution Functionof Penetration
of Damage
a=0.75m | for ships with Lpp less than 100m collisions only
7 — A LOR S N |
{l+a)m|m
1 1 1 1 [
S 6.7.8910 20 30 40 50 70 10.0 200

Fig. 2002



Distribution Function of Penetration of Damage

for ships with Lpp more than 100 m,collisions only
90%confidence limits = 10.3 %

141 ships

1.0 — R
e s :
- \. \:\\L\\\ - —_— T — =
A AT T T
< L\ _ \.\.\.\\
g o
g y S -~ “ o
3 /S
" VA =
2 / / | mean 4.6 m
..M 0.5 \.\ \ 7 &n%m‘an deviation ,w% m T
o /. \ . median 4.3 m
5 y £ upper decile 865 m
Q /- .\\ 3 lower decile 10 m
: \\‘ | B e A I e
/' | 90% confidence limits | |
u — 7# S E— . H
|
0 5.0 10.0 15.0 200

Fig. 2.0.03

Pene tration of Damage in m



2.0+

Frequency
e
I

Histogram of Location of Damage

in % of Lpp
all ship length collisions only

Distance of Centre of Damage in % Lpp from AP

Fig. 3.1. 07

Histogram of Location of Damage
in% of Lpp
all ship length groundings and

——

376 ships
—t -+
o <o+ e ¢ e v e e + e oo + e+ o
e —
o - - m— ranges of%Lpp
__r"‘"—‘: . 5%
10%
' _l"" 20%
Y e
50 100

strandings only

i 124 ships
g - i
<
v 20 —
2 -t
2 | I . ranges of %Lpp
W ] 4.4 5% -

) - N . 10% ——-

’-0_‘ F. . TN g 20% —— ¢ e—
|
0 50 100

Distance of Centreof Damage in%Lpp fromA.RP

66



[
0, .
100% y Location of Damage
,,-'// A in % of Lpp
~ §4¥/
P : VT all ship length
s 90% confidence limits e collisions " only
S Sy
S .)\,"'/ A
g | LA number of ships 376
w A X median 585 %
£ 50 / X 7 upper decile 93.5%
.§ % lower decile 200 %
2 N7 90% confidence limit 63 %
‘= Ve V4
% 4%
q ALy —1
/ /'i' _./
J"/, / ,r'/
T
p 2
T //._/
/4/*"/4. A 4
0 <" ——
50 100%
Distanceof Centre of Damage in% L pp from
Fig. 3.1.02
l
’00”- T 1 7 H
| 7 /1 Location of Damage
A/ in %o Lpp
B /.‘/ }/ﬁ
S A i/-j 7'/
Sy
90% confidence limits v
S Ve J*//./
§ / . /’/\v" all ship Iengﬂ?,groundings
Y Ky Ve and strandings
/|
S S0 v //
3 DAy number of shps 124
2 e A median 60%
75 . A0 7 upper decile 93.5%
Q 1 A A lower decile 23.0%
/--‘f £ A 90% confidence limit 109 %
p 3/ /
7 D
- v
_ P S ‘ /r
517
£ %
T 7 -
0 50 100%

Distanceof Centre ofDamage in % Lpp fromA.P
Fig. 3.1.04




Frequency

Frequency

20

Histogram of Location of Damage
in % of Lpp
Lpp more than 100m collisions only

228 ships
J— -
1 P_b—] !_, ranges of %Lpp
i 5%, —_—
I 0% - ——
r-—.{ 20% s e—
—
50 100

Distanceof Centre of Damage in % Lpp fromAP
Fig. 3.1.05

Hislogram of Location of Damage

in % of Lpp
Lpp less than 100m collisions only

148 ships
2'0-: ‘ ranges of %Lpp
— ] 5%
" ™ 10% ——-

. ] . 1—1 20% ——
1.0+ B | 1

1 — - - —

= -

o
0 50 100

Distarnce ofCentre of Damage in “ Lpp fromA.P



1

Distribution Function [ % ]

Distribution Function [%]

7

)
00% 77 Location of Damage
4 A in % d Lpp for ships with
/7 /| Lpp more than 100m.
| / A/ | 228 ships collision only
90% confidence limits /'/4_/ '/' 90%confidence limits=81%
o f/ 1/" + B
A 4-/ '/ median 65 % Lpp
7 2 upper decile 95 % Lpp
S/ lower decile 25 % Lpp
50 75
;/'. 7
v
A /,/
v
2 A
,/”/ AV'A. +/
/,,/ /" .
(= p 7
ot *F rd
0 50 100 %
Distance of Centre of Damage in %Lpp from AP
Fig. 3.1.06
100% . 7 ;
w; Location of Damage
I 2 V4 in% of Lpp for ships with
7 A-/ 7| Lep less than 100 m
E AN 147 shipscollisions only
90% confidence limits / /#/ / 90%confidence limits=100%
/] A
; / / median 55% Lpp
74 ;F/ H upper decile 90% Lpp
4/ 1/ '/' lower decile 20 % Lpp
50 /' /. ' y4
S _7‘( ,/
A4 /s
v
V/ /"
auavyi
//f /'/ V/
/ /
e 4;V')- / i
/4'./
il -
0 50 100%

Distanceof Centre of Damage in % Lpp from A.P
Fig. 3.1. 08



3.5 .
1 Histogram
] ofratio of depth of damage to effective draught
] before casualty collisions only
3.0 307 ships 90% confidence Iimits 7%
25—
|
- demolition below line of flotation demolition aboveline of flotation
20 . ,
] =263 shipsz 857 % = 44ships = 143 %
>
<
> ]
3 J
>
o 1
10
0.5
0% 50% 100 % 150 % 200 % 250%
. DistanceofDamageabove Keel 2 .o ¢ 4
Fig.32. 01 Effective Draught d



Distribution Function

Cumulalive Frequency Polygon
of ratioof depth of damage to effective

draught collisions only
: 307 ships 90% con fidence Iimits 7 %
N.Q . . rLII. -
demolition below line of flotation 1 B S ) A I
L P
- r.LILT ﬁl.—lll.Ll‘LT.l\l.L
_I.I_ | .
=4 1L|.._ri1i.ﬁQm33\.:.o: above line of flotation
Sanel
= =
4|.L .
0.5 = .|_1L.1. median 35 %
— ﬁL ]
I LIL upper decile 115 %
L .J =
. —
- lower decile 0 %
R
-W..M ' m
S§sw
1 3383
meh
3 T -
0 50 100 150 200 250
Distance of Damage above Keel p4 n %
. -1 (]
Fig. 3.2.02 Effective Draught - d



%

10°0% 64
-~ ddj 9,49 ——=
wu/ ddy 997 %9 . ?E. Afouanb 44 |
0s g' 04 o€ 0¢ of |V o 0 o 20
)s & ¢7 0 e 0 oL e _
| VA — —
| / uoIpop
. . Q] et
/ 7 9/1]UDNQ ¥, ¢ \ /_
S \l, SMuonD% 66 N1 ~Tz T
° g e
q I
S o
.u
”L I.JL
g
ol
8!
N _
0 .
-
- !
T |
M. MP . T , r . - H—
3 o 2%&%& uonnqGlysIg) ot

w oG Jnogo jo abupip us dd7
abbwp(g jo uolP207 PUD
yjbuar abowbgusem)aq uonp )y

{x} g Auenbeiq oAlpnWNY




’ Relation between Damage Length and Location of Damage

10 Cumulative hxmncmmn& t?& o Lpp ina range of about 150 m
o _ . . - )
m _ ( Distribution \..c:n:.mi =
. g
| <
| 2
|
[ =g
.0 o
< FQ
w Ay
L f
2
)
=] ﬁ
Q
c
S
©
N 3
i .. 99% Quantile
_/ . /| 95%Quanti
WIAJ ; 5\
e P. | _Median
—~— |, } } —t ' ; \ : i . _ . . . /M
01 005 0 0 A 50 100 Lon '8 1
Frequency p{x] 85 % Lop ppinm| |
72.6 Lpp -

Fig. 4.0.02




Median of Damage Length

versus Location of Damage

15
ranges of 10% resp. _2_0_"/._ Lpp
i all ship length collisions only
299 ships
range. in which the medianlies with
; probability of 90% [ZZ2
of 95 % ESX
g number of ships
P 10—
<
S AN
c 77
3 /07/ >
§: 7/ /7/ V77 ; A
N ot
3 7 e Y 2022
[ _/" ya—
8 5_ 58 1L/ L
B s 7
AN
‘;51? /A
7
| vava
SNSNN NN

rangeAB cf. 4002 —wi
l la«——rangeA B c.f 4.0.0] —i

- ™

50

—

100% Lpp

Distance of Centre of Damage in % L pp

Fig. 4.0.03

7%



N

// Median of Damage Length
versus Locationof Damage

/ ranges of 10 % resp. 20% Lpp

// all shiplength, groundings and strandings only

o /] - 99ships

/1 ,
708/ S NN\
/// / / range,in which the median
/ 4 / lies with probability of
90% vZ4
// 95% Y.

number of ships

e

NN

OO

Median of Damage Length in m

N\

NN

N

/\\\\\\.\\
NN

Y
N
NS

.

7
%

/

>>/
Y,

¥
50 100% Lpp

Distanceof Centre of Damage in %Lpp from A.P

Fig. 4. 0.04



Forces of wind and sea
according to Beaufort's scale

| !
ITm/s1|lkn]l Wind Velocity
Wave Height
[ml]

+15

35- 1%
113

301 112
11

25— 110
19

20+ +6
17

15- 16
15

10 14
43

5 12
1y

~ S R

0o 1 2 3 4 5 6 7 8 9 10 n 12
Forces of wind and sea according to Beaufort's scale



