
F7? UNLIMITED
ARE TR90301

I~tI Fl'E ""FEBRUARY 1990

COPY No~;

w DTICQ

DECK WETNESS AND
EXTREME MOTIONS EXPERIMENTS:

AN INVESTIGATION INTO ESTABLISHING
RELIABLE STATISTICS FOR RARE EVENTS

0

CY) P Cro-slarid

A n JM Lloyd

DlsmmtmoN STAT!~mtTr X
Appred for putL~c talocsq
L Dlarbuton UImiwd

tis ic~et Is tile pprty o for ZtLi h
oand Ct cc yrlght is reserved.,P#', sts for peni

to publis Is contents outs, Kicini circles should
addressed to tority.

ADMIRALTY RESEARCH ESTABLISHIMENT
Plocuteernt Executive MiniStry ef-Delence

4 llaslar GOSPORT Hants P012 ?AG

UNLIMITED,
4() (Ni w 02



.... ... ... .... ... ... I l U~~

..... ..... .... ..... ... UC UY

fla~pou1h quotad amnotb nocam~atity avallablo to mombaem of fit* public us to conmwclal
otg4SU4lon.



ARE TR90301

February 1990

DECK WETNE.SS AND EXTREfE MOTION~S EXPER.ThE.%S:

All INVESTIGATION Ih'TO ESTABLISIIIN;G RELIABLE

STATISTICS FOR RARE EVENTS.

By

P Crossland
A R J M Lloyd

Summnary

Experiments to establish reliable statistics for rare events such as dock
wetness have been carried out at Haslar. A model of the S-175 container
ship was tested at one speed in irregular head waves (one wave 3pectru,.

different time histories).

7ho resut 'ast that a minimum total run length of 200 model lengths is
L required a reasonable reliable ostimate of the dock wetnoss

frequency . ol--nod. Three hundred would represent good practica.
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Notation

WAv Amplitude (motros)

B Midships boam(E

Cw Block coefficient

C Midships area coefficient

FP Forward perpcndicular

S Accolartion due to gravity

C%4 Netacentric Height (metres)

H 12 SISniflcat wave height (retres)

KG Haight of Vertical centre
of gravity Above keol. (notras)

L Vtorline length (.aetras)

LZ Length of tank (=atres)

Icb Longitudinal centre of buoyancy (par cent L aft of midships)

N Displaceent (tonnes)

NRun number

N. No of wottings

r Relative motion metras)

2 Absolute motion (metres)

T Nidships draught (metres)

TO Modal period (seconds)

T# Natural roll period (seconds)

Wave frequency (rads/s)
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STATITST( FtOR RARE EVEM S

By P Crossland and A k J M Lloyd

I . Q E"K T3 E S

The purpose of this report is to describe in detail the experiments carried
out at the Admiralty Research Establishment at 1laslar to record frequency
of dock wetness and to obtain statistical information about extreme
motions. The experiments are part of an international collaborative
exercise designed to obtain a more soundly based standard for experiments
on rarely occurring events such as deck wetness, sla-mming, etc.

It is hoped to obtain A better understanding about the process of deck

wetness by analysis of the time histories.

2. T %. tCRflN

One of the factors of zeakindliness is deck wetness. In extreme sea
conditions the frequent shipping of water onto the bou of a vessel causes
damage to fittings exposed on the forecastle and in severe conditions, (see
Frontispiece), it may lead to capsi:e. It is necessary to be able to
assess the frequency and severity of deck wetness for a pa:ticular hull
form in a particular sea condition at the design stage and compare results
with suitable criteria (Andrew and Lloyd, Reference 1).

At the design stage, computer programs such as the PAT-86 suite of
seakeeping computer programs (Reference 2) are employed to calculate the
notional ms relative motion at the bow (ie taken from the calculation of
absolute motion and undisturbed wave at the bov). Correction factors are
used to account for the 'swell up' at the bow (References 3 and 4). The
computer program predicts, though not very wdll, when the water rises above
the level of the deck (freeboard excoedance). However, not all freeboard
exceedances result in deck wettings. At the m=ent it is not possible to
predict dock wetness frequency correctly using conventional strip theory
computer programs.

An alternative is to carry out a series of experiments to measure deck
wetness frequency on a model. Lloyd (Reference 5) describes, extensively,
a set of experiments to determine the effect of above water bow form on
deck wetness in head seas. A total run length of at least one hour at
full-scale was available for analysis for each bow considered. However,
one of the problems involved in assessing the relative merits of different
hull forms when considering rarely occurring events such deck wetness is
the determination of how many tank runs (with the same wave spectrum but
different wave time histories) are needed to establish wetness statistics
with any degree of reliability. It is desirable to carry out a minimum
number of tank runs yet still achieve results with a certain degree of
statistical reliability.

Recomendation 2.2.4 by the 18th ITTC Seakeeping Co=mittee (Reference 6)
called for a study aimed at establishing a more soundly based standard for
experiments on rarely occurring events such as deck wetness. The approach
adopted was to organise a series of comparative experiments to measure deck
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wetnes:. Twelve Tanks throughout the worlO agreed to test the S-175
container ship In a specified uiC two pramuer wave spectrum and record
the Average dock wetness frequency *xporienced at one apted in head vaves.
All the information has been collated and 4nalyzed by ARE (11aslar) and will
be published in due course. The purpose of tiis report is to doscribe
experiments carried out by 11aslar as their contribution to the
collaborative experimants.

3. Wiif I

The experiments wera conducted at ARX (Ilaslar) in April 1989 in No I Ship
Tank. The POP 11 computer was used to acquire and process the data using
DATS software develop*4 by Prosig Cozputea: Consultants Ltd.

3.1 z6

The GRP Model, DRC, was a 3.S zetre unappended model (1/50th scale) of the
S-175 container ship. The dimensions Are given in Table 1. The model
forecastle was docked at the forecastle dock side line with bulwarks
fitted, A* shown in the body plan in Figure I. Adaquate freeing portz were
provided in the bulwsrks to allow efficient water drainage. The model was
towed using the carriage. The towing arrangement shown in Figure 2
restrained the model in surge and yaw but it was allowed to heave, pitch,
sway and roll.

3.2 MnaI N trurnantArign

3.2.1 Sh;NM2t#i)n-4 nd U.Awvs

Absolute vervical displncement at the ntem head and 0.15L aft of the FP was
measured using string and potentiometor systems. The wave time histories
ware measured at two positions:

a. Five metres from the wave maker about the centre line of tie tank
(measuring actual wave tine history).

b. One matre to the port side of the FP of the model
(measuring encountered wave time history).

Both tine histories were measured using resistance wave probes.

3.2.2 1(tnos%

Deck wetness was monito:ed using resistance probes mounted inverted on the
centra line of the forecastle of the model at the FP and O.IL aft of the FP
(see Frontispiece). This gave time histories of deck wattings at thqse two
positions. The wetness events were also monitored using video recorders
mounted at a 3/4 position aft of the forecastle and at a position on the
port side giving a profilo view. Markings were painted on the forecastle
and on the bow to aid visual rocording of the wetness events (see Figure 3
and Reference 7).

3.2.3 Relativo Motion

The model was fitted with resistancf wires to measure relative motion at
the stem head and O.15L aft of the FP (Reference 8). The relative motion
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probes extended below the eAl but not Aooi the freebord. The extent of

the probes is shown in Table 2 and Figure 3.

The sign conventions adopted art shon in Table 3.

All calibrations, carried out prior tu the co-ence~ant of the oxperimant,
werd found to be linear to a satisfactory degree. The cAlibratiOn
coefficients are given In Table 3.

3.3 Exrrint ocndjtjgn:-

The experiment conditions were:

Froude Nu-bar U/JgL * 0.27S
Long crested irregular head waves ith ITC two parAeter wave spectru

defined by:

S(w) a A/,s eXp(-/,,")

with

487.3 l

And

Hflj/L au.4

To jg/L a 3.5

Long waves in No I Ship Tank suffur froM shallow water effects. Lloyd and
Pryor (Reference 9) describe a technique which corrects for these ofaects.
Thus, the waves generated In No I Ship Tank for the purpose of this
axperiment are not from an ITTU two parameter spectrum but a slightly
distorted spectrum. Figure 4 shows the ITTC spectrum and the specifieds3eutru (corrected for long wave shalloW Water effects). The wave
conditiens for model and ship are shown in Table 4. The generation of the
random wave is described by Fryer in Reference 10. He includes details of
wave ganeration, beach reflections And the useful length of the tank when
generating random waves. Software has been developed by Gilbert (Reference
'11) for the wavemaker in No. I Ship Tank to generate the required randem
wave and sufply th4 user with the usable run length. The software enabled
a different tite history to be used for each tank run and this was a
necessity for the experiment.

3.4 ?Prg1iinnry FxpE!ri .flts

Calm water runs wore carried out to measure the bow wave elevation using
the relative motion probes and also to meauure the trim and sinkage of the
model at the running speed for the wave experimenzs.

3



A. DA1A A! LYSTS

DaM were acquirdi from All of tltet; devices In A mltiplexed form,
which had to be demultiplaxed 41diied by a calibration coefficient.
Selocted time histori4: ware oxazined an4 a spectral plot WAs made Of the
Actual wave time hinory to ensure that the correct wave condition had boon
Achieved before Accepting the run aa valid. A note w's made of the number
of deck wattings observed and all data were then stored in the multiplexedform for further analysis At A later date.

Specially written softw a u: ed to c" Iota the analysis. Program

CUP wa written to roster* the peaks and troughs to the relative motion

tim histories caused by the fact that the relativemotion probes did not
xtund beyond the freeboard and not far enough bov th4 keel. The method
is similar to that employed by Lloyd in Reference S. Results Includeda

detailed look At the wave time histories, deck wttness severity and
analysii of hov many tank run: vore needed to lot reliable staiittcs.

The final results Also included:

A . CAlA WACe Mns.

b. Amalgamated for all tank runs:

(1) Significant wave height and mdal period of achieved
wave condition.

(2) Mean And .S mortions (absolute and relative) at the Stem
head ad O.15L aft of the FP.

(3) Comparison of experimental values of ?.S notions with
those calculated in PAT-86.

(4) Probability distributions of poak: and troughs of motions
and waves and comparison with the Rayleigh formula.

, c. For each individual run. Records of the number of dock waetting
events at the FP and O.1L Aft of the PP.

5. RES11Ts

5.1 Calm Wt

The experiments showed that the bow wave was an extremely local effect it
the water surface remained virtually undisturbed until about a cintimetre
forward
of the stem head. However, the probes were calibrated to measure the much
larger motions in waves so the calm water results are not very reliable.

5.2 WAvt.s-

Figure 5 shows the specified and actual spectra for the experiment. The
spectra agree well in the longer waves and waves close to the modal period.
floiever, there is some scatter at the higher frequencies, but the results
are still acceptable. The measured significant wave height and modal
period are compared with the desired values in Table 4.

4
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Figure 6 shows a graph of the probability of wave peaks and troughs
excoeding various levels anlga=. _ted over all valid trrk runsjfor
Peasurcumnts ade by both the carriage and tank wavo pfobes. The alid
line reproeants theoretical results based on the Rayleigh distributon
using the measured P.IS wave elevation (Reference 5). The experiment
results show that high peaks are more likely and deep troughs are loss
likely to occur than would be predicted by the linear theory. This is not
totally unexpected, ainre for sea conditions a: extrme as the one used In
this experiment non-linear effects are likely to be present. An example of
these Stoke: waves Is shown in Reference 12.

5.3 Unticn2 in lonr craro&d Irreettlar -mVO

Thu PS motions are shown in non dimensional form in TAble 6 and compared
with the PAT-86 predictions, (discussed further in 5.5). The non
dimensional groups are given in Table 5. Figures 7 and 8 show the
probability of the motion Amplitudes exceeding various luvtl5 compared with
the Rayleigh formula (solid line).

Figur- 7 shows absolute notion at the two stations. Again, ,he notions
follow a Rayleigh distribution closely except At the largaer amplitude.
This my be associated with the non linearities in the motion r.sponses,
but it also, no doubt, A function of the discrepancies already noted for
the waves in
Figure 6.

Figure 8 shows relative motion at the two stations. The experiment results
match the theory much )ss well than in Figures 6 and 7. This is
presumably due to the bow swell up which is loss significant at 0.15L aft
of the FP. 1he results show that freeboard exceedance (and deck gettings)
are much more likely than the Rayleigh formula would sugsget. Conversely,
keel emergence and slaMing are less likely. Also shown in Figure 8 are
the limits of the relativa motion probes. Peak values outside these limits
hWve been reconstructed using the CLIPED program described in section 4.
There is soma evidence of discontinuities in the results at these limits
suggesting that the restored peaks are not quite correct.

5.4 rAmn tifr,^ historiegs

Figures 9-10 show sample time hi:eories taken from the experiment. The
blue line represents the motion (or waves) and the red line gives an
indication of deck wetness incidence. The actual height of the line is not
a very good indication of deck wetness severity because the measurement
technique was not sophisticated enough to distinguish between a solid lump
of water or a large 'splash' of water on the deck. It was hoped that these
time histories would provide an insight into the process of deck wetness,
More analysis will be done at a later stage.

5.5 opparisons with nredicted rosurs

The suite of seakeeping computer programs at ARE (Haslar) was used to
predict the RMS motions and motion spectra at the two positions. The
actual input wave spectrum was that obtained from the analysis of the wave
time histories used in the experiment. The program takes no account of the
stem rake when calculating relative motion and this may be the cause of
some of the errors in the prediction.

5



Figure II show the comparison between the measured and pvadicted absolute
motion spectra. The predicteO mlute notion spectra seems to be too low,
aspecially at or around the nodal period.

Figures 12 show the relative notion spectra, the prediction Is much lower
,by up to S0 per cant in some cases, and it zsee= to jot worse further aft.
The conclusions drawn from the Figures are reflected in comparIsons of

experimental and predicted values for MS motions, shown in Table 6.
Generally, M.S absolute motions are under predicted by about 8 per cent and
relative motions by about 12 per cent. These discrepavcios are probably
due to :

a. The sovera wave condition introducing non linearities.

b. The bow swell up not beizg predicted by PAT-86.

c. P.AT-86 not taking Into account the stem rake.

5.6 Wa'nag:

Considering only those runs obtained In the correct WAve condition, Table 7
shows that the observed deck wetness frequency for each run varied over a
large range from 2 to 14. Table 7 also shows the results obtained in order
And the running average non-dimensional wetness frequency as the experiment
progressed.

If the experiment had been done in a different order different estimates of
the running mean would have been obtained although the final result would
have been the s me. Figure 13 shows the running deck wetness frequency as
a function of non-dlnensional run length for 25 different run orders chosen
at random. The broken lines represent 1.1 and 0.9 times the final average
wetness frequency.

From Figure 13 we can recomend that a total run of 200 nodel lengths is
required to give a reasonably reliable estimate of wetness freque. cy.
Three hundred would represent very good practice. Even here there is a
reasonable probablity of the estimated wetness frequency being in error by
more than
10 per cent.

6. COLS__ _s

This report has described an experiment tn establish a more soundly based
standard for experiments on rarely occurring events. The experiments at
Haslar are part of a collaborative exercise with 12 tanks throughout the
world. The results from the other tanks will be collated at a later stage.
The model was tested in irregular head waves at a single speed using a
different time history for each tank run. The deck wetness frequency was
recorded as well as relative and absolute motion at the stem head and 0.15L
aft of the Fp.

The expariments show that the waves behave non linearly and as a result so
do the motions. In addition, the non linearity is intensified in the case
of relative motion because of the bow swell up. The theoretical
predictions are quite good considering the severity of the wave condition.

6



7. RC=2NR~ATTO3

The Authors recommend that for the model of the S-175 container ship and
the wave conditions generated in No I Sh.p Tank, experiments to measure
rare events such as dock wetness and slammring should be run for at least
200 ship or model lengths. Three hundred would represent good practice.
The question must bt asked if this will be adequate ,or indeed too much,
for other experimental conditions. It is impossible to set sa jndtrd run
lengths for all experimental conditions and so a method should be developed
to analyse the results statistically as the experiments are carried out.

7
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Table I

P ,T:UIPA!. PARUrtITAPS nF MiTp AND MMEr,

Ship Modo).
L (m) 175.00 3.50
B (m) 25.40 0.51
T (m) 9.50 0.19
X (tonnos) 24742.00 0.19
lcb (par cant L) 1.42 1.42
C0.97 0.97

G.M1 (a) 1.00 0.02To (3) 18.00 2.55
KO Wm 9.52 0.19

Table 2

EXTEtNT DF REIT!V. ,MlTION PEOPES (for model)

Rltive Fr*eeboard laximum Keel Min~imum

Stem head (m) 0.212 0.200 - 0.1901 - 0.240

0.15I, aft FP(m) 0.180 0.150 - 0.190 - 0.230(stbd/port)

9



Table 3

SIMI COVTT~l M'D ICATIPPATTCM O(FYCTRES

CilibrAtion
Probes Sign Convont t CoefficientI (Volts/matro)
WAva probes: Positive slva
Tank troughs - 0.0283
Carriage - 0.0294

potentiometers: Positive bow
Stem head down - 0.0375
0.15L aft FP - 0.0373

Wetness prebas: Positive water
FP on dock 0.0175
O.IL aft FP 0.0174

Ralativa motion: Positive bow
Stem Had down 0.0343
0.15L (port) 0.0307
0.15L (stbd) 0.0350

10



Table 4

WJAIT UtNDTTOS FOR SHYP ANDf LOCEL.

Model
Ship dosired achieved

|(~4(m) 7.88 0.1575 0.1643

TO (3) 1.78 2.09 2.05

Table 5

? ODY.MENSTOAAT (ROUPS

Quintity Non DimensionAl Group

Abolute motion s/L

Relative motion r/L

Frequency WIL/g

Wave amplitude JL

Modal period T,1g/L

Spectral ordinate S(w)/L2 .1/L

Run length NA L/L

ettings &,/Run length

11



T~bla 6

Motion ?AT8 xritn

itsclhaad 0.026 0.02a
s/L Q.ISL Aft Fp 0.01.2 0.022

rLat stemj head 0.029 0.032

r/L -0.I5L aft Fp 0.024 j 0.020

12



T4bla 7

Numbrl 'Ottngs run length per emod01 =
________________________ angth I____

110 18.4 0.4W 0.543
212 36.8 0.652 0.597
31 it5.3 0.597 0.597
46 73.7 0.326 0.529

6 t3 110.5 0.706 0.579

10 13 124.2 0.70 0.5

117 202.6 1 0.380 0.563
12 6 22JI.0 0.326 0.543
13 10 239.4 0.543 0.543
14 9 2H7.8 , 0.489 I0.539
i5 8 276.3 0.434 10.532
16 4 294.7 0.217 0.512
17 8 313.1 0.434 0.508
Is 11 531.S 0.597 0.513
19 2 349.9 0.109 0.491)
20 8368.3 0.434 0.489
21 386.8 0.217 0.476
22 7 405.2 0.380 0.471
23 13 423.6 0.706 0.482
2; 442.0 0.434 0.480
25 5 460.4 0.271 0.471
26 14 , 478.8 0.760 0.482

13
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Abstr~act
Experiments to establish reliable statistics for rare events such as deck
wetness have been carried out at Haslar. A model of the S-175 container ship
was tested at one speed in irregular head waves (one wave spectrum, different
time histories).

The results suggest that a minimum total run length of 200 model lengths is
required before a reasonable reliable estimate of the deck wetness fre uency
can be obtained. Three hundred would represent good practice. / ,,
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