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ABSTRACT

The theoretical model of shipping water
on deck in beam seas based on the linear
theory and the main statistical parameters
which may describe the intensity of this
phenomenon have been presented.

The influence of wind and drift on the
characteristics of water level motions at
the ship's side and on the statistical para-
meters of exceeding freeboard have been ta-
ken into account.

The copprehensive model tests carried
out both in a model tank and on natural wind
waves on a lake have been described. A me-
thod of analysis of the experimental results
and the main effects of this analysis have
been presented. They have been compared
with results of numerical calculations bas-
ed on the presented theoretical model.

The statistical parameters for exceeding
bulwark edge obtained both experimentally and
theoretically are in sufficient agreement.

NOMENCLATURE
5w - waterplane area
A; - relative amplitude of reflected wave
D, - variance of random process "u"
D; - variance of rate of change of process "u"
F - height of ship's side measured from still

waterline to upper bulwark edge
F. - freeboard height
Fy - bulwark height
F, - change in draught of side due to heel &
g - acceleration due to gravity
GM, - initial metacentric height

h - mean value of water oscillations on ship's
side
h(t) - instantaneous position of the water level

on the ship's side, resulting from ship
motions on the wave
h,(t) - relative motions on ship's side caused by

ho (£)

the action of the varying wind moment

resultant instantaneous water level height

on ship's side

deformation of wave profile caused by the

component of orbital motion in "i" direc-

tion

mass moment of inertia of ship about

G-X axis

auto-correlation function of process "u"

wave number

ship length

hydrodynamic wave heeling moment

variable wind heeling moment

steady wind heeling moment

added mags in the direction "i" caused by
motion in direction "j"

diffractive added mass - "

damping coefficient - " -

diffractive damping coefficient - -
index for weather side

mean number of exceedances in time T*

mean number of exceedances in 1 second
distance of the metacentre from the origin
of the moving axes

distance of the c.g. from the origin of
the moving axes

probability

mean wind pressure

wind pressure fluctuation amplitude
pressure fluctuations about the mean value
wave amplitude

area presented to wind

spectral density function of process
wave spectrum

ship's draught

mean period of ship's side relative motions
time

drift velocity of ship

mean wind velocity

wind velocity oscillations about the mean
value

index for lee side

u”



ZF(t) ~ vertical component of the hydrodynamic wave
excitation force
z - centre of drift resistance

z_ - centre of area presented to wind
YF(tf ~ horizontal component of the hydrodynamic
wave excitation force

Yw(t) -~ variable horizontal wind-exciting force
¥, - steady horizontal wind force
Yar - side resistance of drift
y - half-width of transverse hull section under
consideration
ol - wave slope
Bi - phase shift due to "i" motion relative to
wave

¥ - specific grdvity of water
A - ship displacement
é&&»— response amplitude operator of motion "i"
(R.A.O.)
h@»' R.A.O0. of relative motions of water surface
at ship's side caused by waves
éiuké- R.A.O. of relative water surface motions
caused by wind rolling
é;f»— R.A.O0. for wind rolling
* - undisturbed wave potential
Q}kﬂ— transfer function for relative motions on
ship's side caused by wave induced hull
motions
@.Gd» transfer function for relative motions on
ship's side caused by wind
e‘, Z‘ ~ co-ordinates of the ship's centre of gravity
in the stationary co-ordinate system
2.%,% ~ hull motions amplitudes: sway, heave, roll
% 3.- co-ordinates of a wave particle undergoing
orbital motions, relative to the stationary
co~ordinate system
variable heel angle of ship
static ship heel
- wave exciting force or moment coefficient
taking into account the effect of the
ratids of ship hull dimensions to the wave
length
W - angular frequency
G»- natural frequency of rolling
- " " of heaving
- mean angular frequency of ship's side
relative motions
¢ - specific density of water
9’ - " " of air
% - mean period of duration of single exceedance
Ah - mean height of single exceedance
K'@— undisturbed wave profile

X -8
[}

1. INTRODUCTION

Opinions on the effect of the shipping
of green water on ship safety are divided.
However the opinion predominates that deck
wetting presents a real danger to small, low
freeboard ships, especially fishing vessels.
Deck wetting endangers the crew working on
the deck and hinders ship operations such as
fishing. Moreover intensive deck wetting
may lead to the accumulation of water on the
deck, the weight of which may be significant
relative to the ship's displacement. In such
a case there may occur a significant reduc-
tion in stability followed by a capsize in
waves.

These problems have been reflected in
some of the paragraphs in the "Torremolinos
'77" Convention on Fishing Vessel Safety.

As far as large vessels are concerned,
opinions on the effect of deck wetting are
various. The mass of water on deck is insig-~
nificant in relation to the displacement and
loss of stability is minimal. 1In fact water
on deck may even act as a roll stabilizer
(e.g. [1]). So, although deck wetting may
constitute a danger as far as structural
safety is concerned (e.g. in large tankers
[3)), it may be concluded that stability
safety is unaffected.

However, capsize experiments recently
carried out at the Hamburg Ship Model Basin
indicate the necessity of verifying these
conclusions. A detailed analysis of films
taken during the experiments shows the sig-
nificance of the submergence of the bulwark.

Bulwark and deck edge submergence may
radically alter the rolling characteristic
by preventing the ship from rolling back to
the vertical position. This results in a
phase shift between the roll and wave motims
and hence alters the initial conditions prior
to the arrival of the next wave group. As a
result of a small restoring moment the ship
may take such a long time to return to its
upright position that the next large wave
may capsize it.

For large ships, this effect is probably
attributed to due to the hydrodynamic resi-
stance presented by the bulwark motion rather
than to the load of the water on deck.

The phenomenon is characterised by the
longitudinal axis of roll shifting from the
c.g. to the vicinity of deck edge about which
the ship pivots. The heeling moment due to
the wave 1s further enhanced by a moment re-
sulting from the hydrodynamic force causing
heaving (fig.1a).

A particularly dangerous condition aris-
es when the bulwark submerges in guartering
seas. The impact of a steep quartering wave
on the stern causes a lateral hull movement
combined with a rotation about a vertical
axis (sway and yaw) coinciding with a lee-
ward heel. 1If as a result of this movement
the bulwark submerges further lateral motion
causes the deck to "plough under" the water
(fig.1b). These results an increase in the
hydrodynamic resistance to the lateral moti-
on which causes an increase in the heeling
moment. If at the same time a large, steep
wave moving along the hull from the stern
towards midships, causes a large heaving
force directed upwards, then there arises an
additional heeling moment, as described above.
Since the lateral stability one the wave
crest is considerably reduced, the described
event usually results in a capsize. There-
fore, for very dynamic motions in quartering
seas the submerged bulwark and deck edge can
act as a pivot and severely increase the pro-
bability of capsize. BAnalogous events in which
the vessel heeled to large angles passed sa-
fely if the bulwark and deck edge did not
become submerged.

It may be seen then that in distinction
from deck wetting of small ships,where loss
of safety may arise from the accumulation of
water on deck, large ships may encounter
dangerous situations resulting from a radical




change in the motion caused by deck edge im-
mersion. In this case it would be more cor-
rect to talk of deck-edge submergence rather
than deck wetting. 1In both cases however,
the occurrence of the phenomenon is dependent
on the relative motion between bulwark edge
and wave.

In the light of the observations made
previously, it may be stated that the safety
of every vessel may be endangered by the bul-
wark becoming submerged.

The submergence of the upper edge of the
bulwark could then be accepted as one of the
ship safety criteria*. 1In order to do this
it would be necessary to theoretically pre-
dict the occurrence of the phenomenon for
given weather conditions, and to estimate
its intensity.

A theoretical model for deck wetting in
beam seas based on relative motion between
wave and deck edge has in the past been pre-
pared by the author ([4], [5]). This theo-
retical model was verified by correlation
with model tests in regular tank waves as
well as in natural waves in a lake.

This paper compares the model test re-
sults with theoretical predictions.

2. A MATHEMATICAL MODEL OF RELATIVE MOTIONS
OF WATER SURFACE AT THE SHIP'S SIDE

The derivation of the expressions de-
scribing relative motions on the ship's side
and the analysis of the problem are to be
found in [5]. Here only the main steps lead-
ing to the final expressions are given.

The following assumptions were made
initially: '

- Wind and waves act upon the vessel simul-
taneously. The vessel lies beam on to the
incoming waves and drifts freely. The for-
ward velocity of the vessel is zero;

- the two-dimensional wave motion is a sto-
chastic, stationary and ergodic process
having a normal probability density distri-
bution;

- for the considered interval of time, the
mean wind velocity is constant and the
wind velocity oscillations about this value
are a stochastic process which is uncorre-
lated with the wave motions;

- the flow around the hull is potential and
two~dimensional. Viscous damping forces
are only significant for roll damping;

- the hull executes motions which may be de-
scribed by a set of linear differential
eguations. Non-linear damping and restor-
ing moments should be accounted for by a
linearization technique;

- the amount of water on deck does not basic-
ally influence the motions in waves.

The axes fixed in space on the water
surface Ofn7 and ship's body axes OXYZ were
chosen as shown in £f£ig.2 .

The following ship's motions eguations

* It should be noted that the bulwark-edge immersion
as discussed here should not be confused with deck-
edge or bulwark-edge immersion determined for sta-
tic calm water conditions, hitherto in use.

were formulated in accordance with the as-
sumptions given above:

sway:

@ +m )i N0 +m, G+ NG =YY, )

roll:

(l m, )G+ N, G+ my i+ Noh+ AGM (=M feh+M fi

heave:

Brm. )3 +N 3 +yA T =Z (1)

The assumed linearity of the dynamics
and the assumed independence of waves on the
instantaneous wind speed make possible the
application of superposition and the separa-
tion of motions and deck wetting caused by
wave and by wind.

2.1 The Oscillations of the Water Level on
Ship's Side, Caused by Regular Beam Waves

The hydrodynamic exciting forces and mo-
ments in equation (1) are given as follows:

Y=t g mf e Ny p Fm & e NJ &

M =X A0M+m 2+ NJScm2 5 +N2 i +0G Y
Z )= yAL +mi g, + No T,

The wave velocity and acceleration components

appearing in the above eguation were derived
from the well known relations:
07,

490 .o 300 . .
L5381, o 0¥y ) K=y @

Vv
W ? 1=0
where the velocity potential ¢* of the un-
disturbed flow is geven by the following form:

« LT .
O =L expl-ky+ ifkp-cot)] @
Assuming that the added mass and damping coef-
ficients appearing in equations (1) and the
corresponding diffractive added mass and damp-
ing coefficients in (2) are known, it is pos-
sible to solve (1).
Since the steady-state motions are of inter-
est, particular integrals of the following

form are sought:
¢=¢ cosft+p,)

'26"2«:;"05(&‘)f "'57) Z.;'-'-ZOCOS(GJJC +ﬁ;) £
The solution of (1) gives the amplitudes @, ,
D , and the phases B, f3,, .

° The instantaneous water level h(t) on
the ship's side is the result of the hull mo-
tions, the wave motion and the distortion cf
the wave on the ship's side. The method for
determining the water level on the ship's
side is shown on fig.2 Let us consider for

example, the lee side.
The water level height h, = ZZ' relative
tc the calm water waterline (point 2Z) in the

position "1"

b=l R0= 7,8

-Z(t) ©
, $4
The vertical ordinate for 2 is

7.= 7., +ysin@-0Gcosp=0G+ za+g$ln(p-(76wscp

where




and the abscissa of Z' 1is :
D=0~ ZZsing=R +ycosy +0Gsinp-Z'Zsiny
Simplifying in accordance with the linear

theory gives:
=4 +yy

rzz' = '25 + U Zz
h,()=h; (t)
By taking 1nto account the distortion of the
wave profile 5?' at the position having abs-
ciss ,  the water level on the lee side
may be expressed by

h8)= %0 ) + 6% ()= T yolt)  ©

where the functions '{6(4-.) and {t) are given
by (5).

The time dependent co-ordinate #,, shows
the direct influence of sway on the ship's
side water level height, resulting from the
hull's change of position relative to the
wave profile.

The resulting wave profile may be ex-
pressed in terms of the body axes by:

=T, cos[kp, cos(wt +By)+ ky~wt] B

As can be seen the regular wave ceases to be
harmonic in the moving co-ordinate system,
since the argument of the cosine function is
another time dependent harmonic function.

Further analysis showed however that the
difference between the wave profile in the
stationary co-ordinate system and the ap-
parently distorted profile relative to body
.axes, 1is very small for waves having a high
wave length to wave height ratio and may
therefore be ignored in computations. There-
fore, the direct effect of sway may be ignor-
ed and it may be assumed that p, &Y.

The determination of wave proflle dis~
tortion in a form which may be applied analy-
tically is difficult. 1In order to determine
the resulting deformed wave profile on the
ship's side it is necessary to_determine the
resultant velocity potential @, which is the
sum of the radiation potential Q. , the un-
disturbed wave potential Q* and the diffrac--
tion potential It is then possible to
find the amplitude and phase of the deformed
wave profile from the free surface boundary
condition :

(7)

(7.+ 87 ) —&g‘éj} (10)
1=0
Hitherto the resultant potential Q for

a hull rolling in waves could only be deter-
mined numerically. (Computations of wave
profile distortion based on (10) using the
multipole potential method has later carried
out Dudziak [2] ). However, it seems that if
the calm water added mass and damping coeffi-
cients and diffraction coefficients are known,
then it would be possible to formulate an
analytical expression for the wave profile
deformation, based on existing theoretical
papers.

A hull oscillating on the calm water
surface generates a system of progressive
waves travelling to infinity (damping), and
local disturbances taking the form of stand-
ing waves (added mass) [8]

The well-known relationship between the

amplitude of the generated progressive wave
and the motion damping (per unit length) is

following 2
rex
—%‘?’ Aii (11) |

If the reverse situation is now consider-
ed in which the progressive wave meets a sta-
tionary hull then as a result of the impact
and deformation of the wave, a similar pheno-
menon to that described previously, occurs
i.e. local disturbance and a reflected pro-
gressive wave. The quantitative relations
between the parameters of these systems of
waves and the respective diffractive elements
of the wave exciting force must be the same
as before, since the physical nature of the
phenomenon is the same ([%¥],[9] ).

This paper has described that part of
the deformation which is considered to domin-
ate i.e. the deflection and reflection of the
incoming exciting wave. The diffractive
damping of the wave exciting force is relat-
ed to this phenomenon.

Resolving the orbital motion of the par-
ticles of the exciting waves into two compo-
nents in the directions of the axis 0-p and
0-7 , and making use of the dependence (11),
the relative amplitudes of the reflective
waves may be defined as

Afno-{—_;% ; A—_é.'_han Ny &)

9*¢
where according to [10] is taken :
N =xN: ¥= e'kT___'ﬁSln (13)
it u ) —XJL

The generation of reflected waves is directly
related to the wave particle velocity. It has
been therefore assumed that the maximum
values &h, and 6&h, occur at the moment
when they attain the maxima of z“ and é'
Taking into account in addition, that in
view of the reflection phenomenon, the sign
of the deformation should be opposite to
that of the component velocities in the un-
disturbed wave, the phase and general form
of the reflected wave is taken to be as
follows

Sh,= ‘r/\i cos[(kQ ~ot)+F ]
Sh= {r., A, cos(kp-wt)

(14)
~T Aycos(kp-cot) foF the lee side

for the weather side

The height of water level on the lee
side may now be written as follows

hx(f)f"f;Cos(kg-wﬁ)*—nf\,cos(kg*wt +T)+ as)

-, ﬂ!cos( ky-wt)-7 coslot+By)-y ¢ cosfwi+p,)

The above function called next as "the
function of water oscillations on the lee
side" is the sum of harmonic functions
having the same frequency @ and may there-
fore be written as

hz (t)=r, 5..2 cos(wt+ ‘3;) (16)

where the amplification factor 6hzand phase
[_Ez are determined from



=[y 6+ &5+ A+ U1-AF+2y8, 8 coslp a )+
+2y8, Acsin(Brhyl2y8 A cosa k) o
+26,A sin(Brky)- 28 #-A)cos(p,+ ky)]di

_-yd,sinp, -8 sinf,— Acosky - (4-A,)sinKy
2 -y8,cosB,~6,cosB—Asinky +{1- A,)cosky

Similarly, the function describing wa-
ter oscillations on the weather side has
been derived

=1.6,,cos{wt +f,)

Gu=[y6; + 81+ B3+t R)-248. 8 coslo-p )+
~2yd, A sinB-ky)+ 2y, f+A,)cos 3.~ ky)+
+26, A sin(p-ky)-26 (+A ) cos (B~ ky) ]’i

Lo B e SesinBem Gysinp, ~Acosky + 4+ Ar)sinky
ﬁn‘“ y4,cosh, 6,cosﬁ, - Aysinky +{1+4, Jeosky

2.2 The Influence of Wind on the Osc1lla—
tions of Water Level on the Ship's Side

(18)

(19)

(21)

The influence of the wind is character-
ized by changes in the ship's response.

In accordance with the assumptions, the
instantaneous wind velocity may be consider-
ed to be the sum of a constant mean velocity
¥, and the velocity pulsations &V, ) about
the mean.

The mean pressure p (corresponding to
Yw) results in a constant horizontal force
Y causing drift and a constant heeling
moment M, .

Y=k pS= kS—'——'—’- (22)
M.=k.p5(z-z.) (23)
The drift is resisted by a side force
Yar ¢ 2
= o\,
Y, =k LT % (2)
The drift velocity may be determined
by equating 22) and 24
&i v (25)

The non- dlmen51onal coeff1c1ents K, and
Ks are usually determined experimentally.

The influence of drift on rolling and
consequently on the characteristics of wa-
ter oscillations on the ship's side, appears
as a change in the excitation frequency

Cp= G)-ka,

The moment Mw causes a static heel B

towards the leeward _side,

®s=% (26)
about which the ship rolls.
Consequently the mean draught on each
side changes by :
F=y6,

i.e. decreases on the weather side and in-
creases on the lee side.

The pressure pulsations Sp{) (correspond-
ing to &V, (}) ) causes a time varying aerody-
namic horlzontal force

8Y,(t)=k,5 5
SM. D=k, S(z - KG)op(t) 2

The varying moment §M,(t) causes rolling
which is similar in theory to that caused by
waves. Assuming that the pressure pulsati-
ons about the mean value are a random conti-
nuous stationary process, it is possible to
express them as a harmonic series. The rol-
ling characteristic may then be determined by
solving the eguations of motion (1) and ex-
pressing the exciting forces and moments by
(28) and (29) while assuming the wave excita-
tion to be zero.

As a result, the amplification factor
for wind excited rolling O,, and the amplifi-
cation factor é& for horizontal oscillations
are obtained.

In view of the great inertia of the ves-
sel as well as the large side force Yy, rela-
tive to the small values and short duration
of the force 6Y,(t) , the sway caused by wind
fluctuations is negligible.

The wind rolling will cause symmetric
water level oscillations on the ship's side,
given by

(28)
and moment

(30)

. h. (£)=y p.O, @)sin(wt +€,)

where the R.A.0. for these oscillations per
amplitude of exciting wind pressure, is given

by:
G @)=Y6,, @)

2.3 Water Oscillations on the Ship's Side
in Natural Conditions

(31)

In natural conditions, the wind and wa-
ves act on the ship simultaneously. The re-
sultant water level on the ship's side h,(t)
is the sum of wind oscillations and wave

oscillations:
hey(t)= hylt) +h (1) 2 48,

where the index "N" - indicates the weather
side and "2" - the lee side.

Since the waves and wind are continuous
random stationary processes and the ship mo-
tions are described by a set of linear diffe-
rential equations, then the function describ-
ing water level oscillation on the ship's
side, is also a continuous random, stationary
function.

For known statistical characteristics
for waves 3,(t) and wind &p{t) it is possible
to determlne the statistical characteristics
of the ship's side water oscillations on con-
dition that their transfer function is known.

The water level oscillation can be de-
scribed in the following complex form:

Hrg(t)=8,,(0)3,(8)+ B, i)Spt) £ yB, 3
where the wave induced water level oscillati-
on transfer function has the form

B, )=, e

(32}

(34)



and the wind induced transfer function is

given by
Qi) =36, e

The response amplitude operator (R.A.O.)
for wave-induced oscillation O,(w) is deter-
. mined from (17) for the lee side and from
(20) for the weather side. The respective
phase characteristics are given by (18) and
(21). The R.A.0. for wind induced oscilla-
tions is given by (31).

The variances of the water level oscil-
lations (Dgp) and of the velocity of oscilla-
tions (D4) are given by

Dry=[8s(@)do + [5,0)dw =D,y +D,, wo
Dy =[0Sfddo + w8, f)de=Diy + Dy,

T [
where the wave induced oscillation spectrum

is given by :
Shg(w)z [55’;@-9]2 5;.,(&)) (38)

and the wind induced spectrum

Shw () =[5;,w (U)]z SP(C-)) (39)

In reality, the varying wind induced
heeling moment is very small compared to the
moment of inertia of the ship and wave exci-.
tation moment. Consequently, the amplitudes
of wind rolling are very small and their ef-
fect on the ship's side water oscillations
and their variance are negligible. It can
therefore be neglected in practical calcula-
tions and only wave induced oscillation vari-
ance be considered

D,g D,,=§S,\(w)dm i D;=D, =fw"5h(w)dc,.) (40)

As in the case of waves, the probabili-
ty density of instantaneous values of the os-
cillation function h(t) is normally distri-
buted whereas the amplitudes of the oscilla-
tions are a Rayleigh distribution. The pro-
babilistic properties of the function h(t)
are shown on fig.3

By determining the variances Dy and Dp
for each side it is possible to obtain all
the statistical characteristics of the rela-
tive motions on ship's sides.

~tE
Lo (35)

3. STATISTICAL CEARACTERISTICS OF DECK
WETTING

It has been assumed that deck wetting
occurs when the water level rises above the
upper edge of the bulwark. On the basis of
this definition the evaluating of shipping
water on deck resolves itself to the deter-
mination of the statistical characteristics
of the exceedances of a level F by a ran-
dom function h(t) (see fig.4)

h(t) > F

The derivation of the parameters charac-
terizing the intensity of wetting and a dis-
cussion of them may be found in [6]. The
basic characteristics are following

a) assuming that deck wetting occurs when the
value of function h(t) exceeds the height
of the freeboard (from normal distribution):

E=P(h>EfE)=%——®(-%.EL) (a1)
where: ¢(x):§4‘7fje-§‘d{ Laplace integral

function,
[J

variance D, - calculated by (36) or

(40) respectively for the weather or lee

side,

Fy - 1s taken with "+" for the wea-
ther side and "-" for the lee side.

The quantity P, can be interpreted as the
ratio of the total duration of the exceedan-
ces to the total duration of the process

(fig.4)
P-= é’tx (42)

ot T
b) assuming that the deck wetting takes place
when the amplitude h, of the water level
oscillations exceeds the height of the
freeboard (from Rayleigh's distribution):

= - EF.)* (43)
R=P(h>FxF)= exp|- lal
The probability may be interpreted as the
ratio of the number of exceedances to the to-
tal number of amplitudes hg, , during the
time interval T* :

= (44)
B=x

Kh: %’-—D, [’1-2 Cp(-s%gl)] exp (.%’f:_)z (45)

Mean number of exceedances in time T*

9T eplGE)

where — - - mean freguency of water
Dl\.: - oscillations on the
I)T ship's . side

exceedances

T-g [0l en GE

R=Plr>t')=expl-+) “

where the mean duration of deck wetting T is
given by (48).




All the discussed statistical exceedance
parameters are functions of the freeboard
height F , as well as being dependent on the
dynamic characteristics of the ship (&, (w))
and on the wave and wind spectra S‘&d, Sylw)

. . : Y 1 4
(which is expressed by the variances D,
and D ).

For a particular ship and for a parti-
cular sea state the exceedance parameters
are directly related to each other.

.. The relations between three main ones

(aAh , T, N, ) are as follows :
- [
N=F

%:%E-’."T‘h (52) Ah= % T 3

Ah :%121‘}'&, (50)

(51)

-U

where

These relations confirm the intuitive under-
standing of this phenomenon.

The most interesting relation is the
common dependency of the mean duration ¥ of
a single exceedance and the mean exceedance
height Ah , since the danger of the bulwark
going under water and water on deck is govern-
ed by these two parameters.

As can be seen from (53), the mean ex-
ceedance height is directly proportional to
the mean period of wetting. The magnitude
of the coefficient of proportionality is
governed by the variance of the velocity of
water oscillations on the ship's side Ds
This is affected by the character of the os-
cillation's transfer function &fw) as well
as by the wave spectrum Sskﬁ and by their
relative positions. "

The more the maxima of é;@» and )
are shifted to the higher freguencies, the
greater Ds This means that if more ener-
gy is carried by the high frequency waves
then, for a certain mean duration of a single
deck wetting, the exceedance heights are
greater.

For a given spectrum, the exceedances
will be the higher, the greater the ship's
tendency to execute high fregquency motions
i.e. the greater the ship's "stiffness" .

4. MODEL TESTS

Model tests on ship motions and deck
wetting were carried out at the Ship Research
Institute of the Technical University Gdahsk,
both on regular waves in towing tank, and in
natural wind-wave conditions on a lake.

A typical low-freeboard side trawler,
type B-14, which is used by the polish fish-

ing fleet, was selected. The main parameters
for the 1:25 model were :

b =760k Cp=0.5 R =15.0; 15.42 cm
Lpp=215.4 cm Cp = 0.63 GMO = 2.68; 2.26 "

B "= 36.0 " pr= 0.80 Jex =12.2 ; 13.5 kGcmsec?®
T =17.3" Cy = 0.88 ?"/é=0.348; 0.365

B =198 fM=7.5cn B¢= 3.9, 3.4 sec™!
Fy = 4.4 " Kﬂo=17.68 "o = 1.61; 1.84 sec
Fo = 2.5" § =3010 cm?

F, = 3.5" 2,=22.9 cm

Fy = 4.5 W= 6.23sec™!

Those parts of the model above the water were
made according to the full scale form of the
hull with the forecastle, poop, deckhouse and
the bulwarks with freeing ports (photo 1).

In order to investigate the effect of
the freeboard F on the deck wetting charac-
teristics, the freeboard could be altered by
40 % and 80 %, relative to the built height
F., without changing the displacement, posi-
tion of the centre of gravity KG or the mass
moment of inertia J,, .

4.1 Regular Wave Tests

The waves generated in the tank were re-
gular, cylindrical and having a more or less
sinusoidal profile. The waves travelled pa-
rallel to the towing tank's sides.

The model was positioned beam=-on to the
incoming waves and was free to oscillate and
drift.

The following values were continuously
measured and recorded
- wave profile 17 (t)

front of the model,

-~ roll (t) by means of a gyroscope posi-
tioned inside the model,

- vertical Z(t) and horizontal ¥(t) accelera-
tions of the model's centre of gravity, by
means of accelerometers fixed inside the
hull, near to the c.g.,

- water oscillations on the sides at midships
( hy(t) and hy(t)), by means of a probe
mounted on each side,

- mean drift speed.

in fixed axes, in

The test program included measurements
for both values of KG and for all three free-
board heights F,, Fq and Fj

The wave parameters included both the
roll resonance freguency as well as the heave
resonance freguency, in the range of steep-
nesses h/a = 1/10 + 1/60

The ratio of wave amplitudes to the free-
board height was from ro/p = 0.8 + 2,8 for
Fo to ry/g-= 0.5 + 1.5 for Fp . With the bul-
wark included this was : ro/F = 0.3 + 1.1 for
(Fg + Fy) and ry/p = 0.25 + 0.8 for (Fy + Fyl.

Therefore, 'the program practically in-

4cluded all the parameters which govern deck

wetting.

The R.A.O.'s determined from these mea-
surements for roll, heave and water oscilla-
tions on the ship's side were plotted as
points on fig. 8 + 13.

4.2 Model Tests in Natural Irregular Waves
and wWind

The tests were carried ocut at the re-
search station by the lake Jeziorak.

The same model was used with the same
instrumentation as in the tank tests.

The measurements were taken from self-
propelled catamaran, specially adapted for
seakeeping experiments.

The electrical generators, recorders and
experimenters were located on the catamaran.

The model was able to drift freely beam-
on to the main direction of incoming waves,



in an undisturbed region of waves. The model

could move in waves in six degrees of free-

dom and the signals from the measuring devi-
ces were carried to the catamaran by loosely
hanging cables (photo 1). The model motions
and water level oscillations on its sides
were measured identically as in the regular
wave tests.

Moreover, the mean Vw and instantaneous
V, {t) wind velocities were measured at a
height ~1.2 m above the water level.

Measurements were carried out for vari-
ous intensities of irregular waves motion
such that the ratic of the significant wave
amplitude to the freeboard height lay in the
range: h,/2F =1.12 + 3.28, or including the
bulwark height: ﬁg /2(F+Fy) = 0.49 + 1.19 .

The duration *of each individual measure-
ment was long enough to be able to determine
the statistical characteristics of the pro-
cesses being measured (duration of measure-
ment approx. 12 minutes, on average over 400
rolls of the model). However, the measure-
ments were short enough for the recorded ran-
dom functions to be stationary.

An example of the recorded signals is
given on fig.5 .

The spectral analysis and statistical
analysis of the random processes was carried
out by the analogue machine ISAC-NORATOM.

As a result the following characteristics

were obtained for every measured process "U"

- auto-correlation function Ku(f),

- spectral density function 5,(n), where
n =%T,

- distribution function of the instantaneous
values F(u). :

An example of the results obtained from
the analog machine is shown in fig.é6 .

On the basis of these results the follow
ing was obtained:

- the variance of the process, as the value
of the auto-correlation function for T = O:
Du = Ku (O)I

- the variance of the rate of change of the
process, from the spectral density distri-
bution: Dy ={"e*S$, (wdw ,

- mean values and the probabilities of ex-
ceeding certain values of a process - di-
rectly from the distribution of instantane-
ous values.

On the basis of the obtained spectral
densities, the R.A.0.'s was determined from

the relation
5&&))4%%

(54)
w

The roll and heave R.A.O.'s obtained by
this method are shown as thin lines on fig.
8, 9, and the ship's side water level oscil-
lations for both KRG values - on figs. 10 + 13.
Moreover fig.7 shows the spectral den-
sities of the measured quantities for the pur-
pose of comparing the common relationship be-
tween them.

5. RESULTS OF COMPUTATIONS AND OF MODEL TESTS

An algorithm and program was prepared
on the basis of the theoretical relations gi-
ven in sections 2 and 3. This program com=-
putes the ship motions on beam seas,

relative water motions on the ship's side
and the variance and statistical exceedance
characteristics for an input wave spectrum.
The wind effect is taken into account by cal-
culating the drift velocity Vi, and the sta-
tic heel 6.

The hydrodynamic mass coefficients mj -
and N; . were calculated by using SCORES [18].
The noft-linear roll damping was taken into
account by adding a viscous damping factor
corresponding to the mean resonance amplitu-
des.

This program was used to compute trans-
fer functions and relative motions for the
model used in model tests. The computations
were carried out for both positions of centre
of gravity (KRG = 15.0 cm and RKG = 15.42 cm);
with and without drift; with and without wave
deformations; with all geometrical and load-

ing parameters the same as for the model.
The computed R.A.0.'s for heave and roll

for KG = 15.0 cm are shown in figs. 8, 9 .
Plotted over these are the R.A.0.'s obtained
from beoth regular and irregular wave tests
(for KG = 15.42 the shape of the curves and
agreement of results are similar).

Generally it can be said that the form-
ulated equations describe the hull motions in
beam seas accurately. This gives a basis for
checking the computations of water surface
relative motions.

The relative motion R.A.0.'s for model
tests and numerical computations are given
on figs. 10 £ 13 for both KG positions.

The following may be noted
- the comparison between results obtained

from the regular wave tests and those ob-
tained by means of spectral analysis from
tests in natural irregular waves shows re-
markably good agreement.

- The theoretically computed R.A.0.'s also
agree with the measured results. The con-
formity of these results is improved, parti-
cularly for the lee side, by taking into
account wave deformations.

- The R.A.0. for relative motions on the
weather side has two distinct maxima
one in the roll resonance region, the other
in the heave resonance region;

- for the lee side the R.A.O. has only one
maximum in the roll resonance region. The
magnitude of this maximum is close to that
for the weather side. There is no second
maximum in the short wave region. This is
caused by phase shifts of particular hull
motions components for the lee side and by
the damping out of short waves on the lee-
ward side.

The difference between the characteri-
stics for the weather and lee side is dis-
tinctly shown on fig.7, where the wind, model
motion and relative water motion spectra for
each side were plotted for the measurement 12.
This i1s typical for results obtained from
the tests.

As can be seen the greater deck wetting
danger is decidedly on the weather side. This
is also confirmed by the fact that the waves
move towards the hull on the windward side,
thereby favouring the conditions for wetting
resulting from exceedance. This is not the



case on the leeward side, on which the waves
move away from the hull.

The described in section 4 program was
used to compute the variance of relative mo-
tions as well as the statistical parameters
of freeboard and bulwark exceedance, for all
measurements taken during the wind wave tests.
Each time the measured real wave spectrum amnd
real wind speed were input to the program.
The effect of wind pressure fluctuations
was not taken into account because these
would have been low freguency oscillating
lying outside the frequencies significant
for the model (see fig. 7).

The results of the computations with
the wave deformation included (A,,; # O) and
without its inclusion (a = 0), are shown

with respective results &%Eained from measure-.

ments, on table 1.

As can be seen, the variances Dy, and
Dg are in good agreement with the real vari-
ances obtained from the measurements. Lar-
ger differences occur for some of the sta-
tistical parameters of bulwark edge exceed-
ance. This results from the values of these
parameters being small (the differences are
much smaller for low values of F e.g. for
a freeboard without a bulwark). In spite of
this the results obtained are comparable
with the results of the measurements and for
all practical purposes the calculation me-
thod may be recognized as sufficiently ac-
curate.

6. CONCLUSIONS

The theoretical considerations, numeri-
cal computations and the results of model
tests carried out for medium to heavy sea
states (with respect to the ship type and
scale), make possible the following conclu~
sions
1) The relative water motions on the sides

of a ship rolling in beam seas can be
described sufficiently well by linear
theory in cases where the deck wetting is
not too intensive.

With regard to rolling, non-linear effects
can be accounted for by linearization
technigues.

2) The good correlation between model test
results in deterministic i.e. regular wa-
ve conditions and irregular wave test re-
sults obtained by spectral analysis, in-
dicates that the identification methods o
linear dynamic systems may be used for de-
termining seakeeping gualities with re-
spect to relative water motions on the
ship's sides.

In other words, the transfer functions ob-
tained for deterministic conditions (ei-
ther experimentally in regular waves or
numerically) give a basis for predicting
relative water motions in irregular waves.

3) The application of theoretically obtained
relative motion transfer functions to the
calculation of statistical exceedance pa-
rameters, sometimes gives results differ-
ing from those obtained directly from ir-
regular wave model tests. The results are
however comparable and the tendencies

shown are as those shown by the majority
of measured values. Taking into account
the stochastic nature of the investigated
process and the prognostic character of
the computed exceedance parameters, the
theoretical results can be accepted as
being sufficiently correct for practical
purposes.

4) The relative water surface motions on the
weather side have a decidedly more inten-
sive character. The magnitude of the
variance of this process is governed by
the heave -and roll characteristics (and,
of course, by the wave motion intensity).

The variance for the lée side is con-
siderably smaller because in this case only
the region of roll resonance is the deci-
sive factor.

Therefore the statistical characteri-
stics of the exceedances for the weather
side can be considered as a measure of the
intensity of deck wetting. The lee side, on
the other hand, is more relevant for investi-
gations into the danger caused by the bulwark
and deck edge submergence. The corresponding
statistical characteristics for this side
constitute a measure of the degree of immer-
sion of the bulwark edge.

Considering that :

- the statistical characteristics of the ex-
ceedances, such as the probability of excee-
dance Py, mean exceedance height Ah and
mean exceedance period T , which are in
agreement with an intuitive physical inter-
pretation, can be used to estimate the sea-
keeping gualities of a ship with respect to
deck wetting and deck edge immersion of the
leeward side;

- the previous conclusions confirm the cor-
rectness of the calculation of these para-
meters, for a given sea state, by theore-
rically obtained transfer functions;

- it is possible to develop the theoretical
model presented herein for the case of a
ship moving at any angle to the waves;

- there undoubtedly exists a connection be-
tween deck wetting and deck edge immersion,
and the danger of stability loss;

the statistical characteristics of the water

level exceeding the bulwark edge could be

taken as one of the ship safety criteria.

The exceedance of certain maximum values
of these parameters for certain weather con-
ditions, would then be considered as endan-
gering the stability of the ship.
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DETERMINATION OF THE FUNCTION OF WATER LEVEL OSCILLATIONS

FIG, 1 THE SHIP WITH SUBMERGED BULWARK AT THE SHIP'S SIDE
IN WAVES
Normal distribution hy (t)
funclion
@ tmmerging
——————————— ft
| exp __i) l h7 )
: 2Dyl - 4 ‘N b !
"~ I ;
A i~ ! of . | [ pL ULV
{ A\ . E /L/V\‘F[ AN A AYN R
TR e ’ ’ ISR VERTERVAVE:
p) 1! i | | mm o \/ Ry \/‘; N\ \/\7 \/ V
70| [Pi<n) By \ ' Plh,>E) =P |
fr= N o |
P(h>F) / - © emerging !
. ~ .
Rayleigh ' /N Fig.4. The water surface oscillations af the ship's
probability density / AN )
y side as the random process.
Normal \\
probability density

FLg.B STATISTICAL CHARACTERISTICS OF WATER
SURFACE OSCILLATION AT THE SHIP’'S SIDE




“‘

MM

’ lll LTI

fL" Wﬂ

l

”MM

A!
A w g
/h L~/ g
'd'f

[

Waves in the mobile system (Ly(t))
— Rolling (@ t))
- Heave acceleration in the mobile co-ordinates system (7 (t))
— Sway acceleration in the mabile co-ordinates systern {{j (t))
— Water surface oscillations at the weather side [hy (t))
— Wm‘er surface oscillations at the lee side (h; &)

@ —
@
®
®
®
®

@ — Vertical acceleration of wave sounder (§ xit))
® — Mean wind velocity (Vi)

@ — Instantaneous wind velocity (Vi ({))

— Direction of the wind

Fig. 5 Fragmenf ‘of the record fape of the experzments in natural wind bean waves.

o) |
Hiso : . .
L . Water surface oscillations
§.in - " . at_the weather side
é \ Measurement No 2 FxF,, KG:1542cm
N Auvtocorrelation
oo b T
I K(0)* 1097 crm?
ﬁ\é' E
5 A
oo e /\
& AN AWANAN 1
\/ \/ \/ Vlomm —=12038k
Moo Fth,)
£
= 1ID’f ihuti
1, on
g Dt
! Mean immersion £-09cm
réo 50%
Lo
| Deck edpe in waler
bulwark edoe 7
r20 in water
1 tard emerging
- - ciw o © C‘l); 100 @ . I__fc____ e OmmT—=137cm ____h,
4 i 10mm ——=0,1235 Hz

Fig.6.




o BUNOT JO J0]0I300 oDNINUWD aSUOUSay  reve, s wd | i
(o4 udé - ¢ or @

[wey On an oz [0 R o
74 20 R AN
T — T v 0
e
: -
o NER
(%) apis 3] Jo
I J2DA 40 SUDHOW IN)D)3Y _ .
v\\\\\r\ u -& R
-~
[ ..
(M) aPIs JALJOIM }
34N DM 0 SUOIJOL ANDIaY -
14
ONIAV3H 40 -
401vd3d0 3ANLITdWVY ISNOMSIH £°914
on
e .
sz @0 ns 17 i 1] A
T — + T T T
PINWELIG = N P gpm ——e ] o __ o
(0 =70} #fp Jrogyim 1 (™
L UOIBINIIDI  1D1)a103Y | | w4
U e JUO - Y e q e 1 \* o )
uozZ) x JSUOd =y 3.y o - “J Pusuap
Juer e l4Yaq + a . 10590
) U HSE2 O — wiu )
SZf = puDdw Yy Yy x o e “set: o A o0 »n-d oF [ *.u o o
i SaADm 1Dpnbas L) SJUBLIAINSDAGY — A T
Yoo W LPS = My - 07 JeiomnsOiw -~~~ !
Yey WIS = Py -1 Jusdsnspiy — — __
Yed WY ~ Y -0 Jussamnspay — -~ \n o
Hed tud Qp = %Y b ewamsoay ——— .,, 2 [ i)
Hed un b« -y Juswamsoow —.: _T L m
P S3ADM puis JouniDu wr sJuBLIRdX S P v | ,_ w 5 3
ey — he x ' : 3
| 2 Ll
I e
S P
=g
1@ \ " N8 N
A iRy
PR AT E
[ I
Ve
) 'z : b
wizps-9a t Yed [ b
or Zi ON BB insUsp __ [P
V)
— TV 1
. 7JISUSD JDJ)3905 8sU0Usay - )
/m ’ Ve (408
: e !
o L __M.& 1, Z DG __" [u) &g
i i 3
i v (498
M /_ﬂ . N IEE Msusn
wd 46T = M.M x = i : o w ‘m JR2d5




13

Ul = JSUOI = Y =g e
wizi m Jsuer = ‘a4 o
P77 Y O A

§2:4x JUDI= VY P ad x
183MDA JDIBas Ul SUBLBINS DY

- W20 -y -pz wewansoay -----
-1 lups9y - »\\m — £} EWwaINsDIL ~—— —
o fwipgy -y -p Jusweusoau —-—
.k:menimxnmk\mE&hEmEIII
-k

lwizss = My - p uawemspsw ——

LA?L.:Ll:lC ("]

PSGADM DUim JOuou Ul Sjuawdx

YOSSWEZ Y= N B)1jond aaom o vopoULIOER Ypm ———
PIGW E24Y = "N *3)11040 ADM JO LORDUIYIP oYY ——

SUOIIDINIIDI  ID31J3I08Y |

WGy =9y

Jpis 23] JU dIDJINS J3IOM JO SUDIJOW 3A1jDjad JO
JOj0Ia00 SPIN0dD a5U00sEy

l §h
|
wijjm puods | !fe f-»
Wrgle puda-y | ‘¥ g-o0
s =y | LY. S 4
SZ:4 = JUO- Y L Y- d - x
T :saADm sggnbas Ul WE&SEN&
x + X
[¢] i
X ny |23
. ,// u.\\_lﬁ
Ve NN
Sy \
e N
//LN,\}U/
X O o .
(\ [ ] OCI @
L ,XK%

174

YW £240 = A

VYU €210 = FA ' F)yod BADM g0 LORDLLIGIP JNOYNM

Yoo lwnfpg= My -07 powsmsow ===~
e lwopsy - MYy -£) pRSOIY ~
Yoo WIYGY = Wy -0 JOWONIDIY
iy=o 'wipgy = Ay - 6 pewBmspIL — ==
Y=g fuDZE -y - 4 JUBMRINSDIW

L S9NDM PUIM JDUIRou Ui SJUBIsBdX T

L 3010 SADM g0 LONDWIGIEP YJIM == — =

: SuonDInII [DINEI0dY ]

wd sy = 9y

02

[

3EIS JoyIDeM JU 3IDJINS JGIOM JO SUDIOW GALDjaI Jo

JOIDI300 3pn]idiin asuodsay

Ny




ERAA

JHL NO S3IAVM dVINS3I¥YI
oo o .

NI 1300W 3HL

N

T *LOHd

o s Zr6y
52 ooz, ¢r o 50 20
— T g t == 0
\\\\\
\\
\\ \\
s E
/
/s
50
01
- 19

\
NS / 0z
AL
A MU0 = U j oy P e g oy
(o}

/,/ \\ U3 0 W] =l e g —

@ $3ADM DN U1 $)USLSIIS Dy
\ \ Y e lwigysy un\g!\ — I3 JAUIINSVRLY —
7 Yoo luopg -ty — g guewansvsy ----- B
Y=o tun gy - By -z puswamso —-—

" (z1-bT3 edTT butriew)
wrzp's) = 9N

apIs 3] J0 330JINS JoJDM JO SUOIIOW dA1)D)al Jo
JoppIE00 " pnjljolln asuodiay ¢} b1

T Yy tung/y - §;\r ¢ WSWBINDIL ~— — — za%
Yo WISHO = By - 7 Juswainspaw

C SOnDM PUIM JDARDY U1 $JUSLIIETX T
1IJWECI Y= TN 3jy0ud saDM 40 VORDWIED YUM ———
Yosjw £EL = L\> tappoud arom 40 vonow.gsp J04)IM

ISwoyp)nopy  jo3yBI08Y

‘ “,_mm W z4'5) = 9y

SpIS J3GIDIM O FIDINS JFJOM JU SUOTIOUS JAIITjaT Jo
JOJ0I300 " GPIIUIn SSUDUS Ty




15

gs' 1| 98z'0 | o'¢ | 6zito| w0z | 0061 ozill wecu | sezro| otz | 6110 1t9r | itine 6°Gl Juswiaedxg
89€°1 | 1LZ°0 [ 9°Z | ¢60°0{ €St | €-091 | tsocotf| ssz:i | 9zzro| itk | eworo| 172 gwel | €90 ti | o My parerf 7
€6c’t| €62°0 | 8¢ | we00| 6°st | €zv1 | eoz-orfl ess 1| eszro| 1z | zsoto| stz | 9cter | s60'vi } o= VY -noted
60°1| 0520 | 81 | ¢s00| z°8 TEEl 6L £2°1 | 020 90| 9500 9°¢ S 16t 16°01 Jusuiadxy
606°0 | 90T°0 | (°0 | €€0'0) 8°% 6°121 9¢v 9 |l Sse6°0 | 9S170| w0 | Lz0t0 | 1€ ST9ye | (it 04 mnm‘ paae] (T
i1st'0f 961°0 | €0 | 9100 vt 0°26 zizs || svict | ssiro| 8ol wworol| ¢ 6719z | ves'6 0= Yy -moyep
00E" 1| 8120 | O°€ | Ot 0] 1°%1 ] L-sui €6 SC 1] (00| 0¢| 7600 811 | 0-S5¢ T JuswIadxg
6sv° 1| 8Lz'0 | €€ | citco} o | zoern | ev9roufl 09eti | 61zt0| €71 | 0900 '8 vieve | werai ] o4 m”w paael| 9T
zov 1| cézro | £ | ortcof €81 | zozst | 69901l is9ot1 | swero| €r| €60'0| et} 6°cez | tszsif o= '3y -morep
0.0 (€10 | 10 | ¢ci0°0] €1 €z 90°S S0°1] €91°0] L0] €700 6% €65C <8 Juswyaadxy
6100 oc1'o | z'0 | 100 <4 i | ezzes || s9st0o | evito| scof scoof 9¢ 0987 | €8L°¢L o¢ Yy paaer| 7
0050 svi0 | 00 | zo00| z'0 25t sese | 09071 | 991°0f c0| €v0'0{ 0°¢ g'ssz | 9c9°8 0= ¥y -norep
00600 00000 | 0°0 | 0000 0'0 9% 6C° 1 70| 0zi6| 1'0] 0100 01 0" 17z 9°g JusutIadxy
921°0| 9500 | 0'0 | o000l o0 1°19 sto'z fl se9°0 | €1ito| 10| 6000} 60 1°t€z | 09n°s 04 iy paaer} ¢
000°0 | 0000 | 00 | 0000 00 ' 6¢ (860 || 6190} €1icof 10} s000f 50 8 (81 | oz8*y 0= vy -nmorep
opTs o9 opIs Iayjeem wd ¢h'ST = 9)
06°1] 8820 | S'¢ | cLi0] €92 | 9°eie TSil| w6t [ wez o] Sz w0 tve] Lwiv THT Juauy1adxy
torv | etzco | vy | ozotro | stez | crzor | ogererfl 1siz | swzof 8w | 96170 o'sz| zosgr | ciocor | o Viv  perer| ¢T
z80°z | zoco | 1°9 | cozro| vroe | s'gezr | zee-o|| ssscz | cezo| cc9 | wwzro| wrze | coses | asstwz | o = MY -mope
1| 8sz0 | o'y | ozito| €41 | vozz 8 t1f] sStv | sizo| 0z| 010 €1 | €6z 9°¢l Juswt10dxg
11| 8zzoo | st | 8900 L6 0691 | tea's || 68yt [ mzof o'z | weo'o | zizi| 9'zoe | sserzi | o# My parer| (7
6L€°1 | ssz'0 | vz | weoro | 1w | s-est | ecstoiff eweu | sezo| 1ve| ezivo| vrsr | wsee | sestsi | o= Y3y -nofen
10°2] 6lz'0 | 0°s | 80z'0 | 0762 | v-8ce Z°91ll 6L°V | 66c0| Oz | wet-0 | 081 | w-See w791 JuautIadxy
98¢"1 | z9z'0 | s'€ | servo) 9%61 { s'ezz | eei-zilf ze6tt | syzrof s'e| €s1'0 | stor ) 9t06c | 9zLcur | op My opererf O
€06°1 | t6z:0 | z's § owiro| 89z | wusz | raicsif| zezcz f 69zco| €5 9610 | oz | 1tiww | ssvriz] 0= 17V -moyep
<90 <006 | 00 | 1000] 10 911 07°¢ 700 | 8110 20| 1100 1°1 T8tt 19°¢ JubuTIadxy
tvoro | vz1co | 00 | 1000 | 10 AT ge1'c || 692°0 | sz10o] zo| w00 v £'vzz | vz0'9 o¢ Yy parwr] §
seeo| sot'o | o0 | o000 | 00 9°£9 ovnz || ez80 | wwico| €0of sw00] o'z $°60Z | 95579 0= %y -noqep
£9°0| 951°0 | 170 | 6000 | z-1 7zl 8Ly 90°1 | 671°0| 70| (00| 6% 6 71¢C 8L°8 juowyiadxy
699°0| 19170 | 10 | 6000 | z1 1°60t | worw [ weort | 1sico] 9o ecoo | 7w (18t | tevs 0 fiv paaErl f
9€9°0 | 6st'0 | t-0 | £00°0 | 60 £°001 | wrsew | vt | zeico] 60| zs0°0 | 179 8'sLz | 70576 0= *y -notey
wo 098 z ~Iuwm Z NIUUW NEU NEU wo 298 ¥4 .—luwm N NlUUm NEU NEU
Fl E ‘ON
il & ' u “a %a “a 4 1 *3 u | 4 *a ‘a seay
opys 997 opIs Iayjzesy wo el = 9
40IS TICOW FHI IV TIAST ¥dIVM FHI A9 FONVAAEOKE IDQd YUVMING FHI 30 SOILSINILIOVEVHD TYOILSILVLS HHIL I tavd



