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X _WFINESS AND NS NTS:
N_INVESTIGATION STARLISHING 8

STATISTICS FOR RARE EVENTS
By P Crossland and A kK J M Lloyd

1. QRIECTIVES

The purpose of this roport is to describe in derail the oxperiments carried
out at the Admiralty Research Establishment at Haslar to record frequency
of deck watness and to obtain statistiecal information about extreme
motions. The experimants ars part of an international collaborative
exercize designed to obtain a more suvundly based standard for experiments
on varaly occurring events such as deck wetness, slamming, ote.

It is hoped to obtain a better understanding about the process of deck
watnass oy analysis of the time hisvories.

2. hyd. (!} aN

One of tha facters of seakindlinazs is deck wetness. In axtreme 3ea
conditions the frequent shipping of water onto the bow of a vessel cavaes
damage to fittings exposed on the forecastle and in severe conditions, (see
Frontispieca), it may lead to capsize. It is necessary to ba able to
assess the fraquency and severity of deck watness for a particular huil
form in a particular sea condition at the design stage and compare results
with suitabla criteria (Andrew and Lloyd, Refarence ).

At the design stage, computer programs such as the PAT-B86 suite of
seakeeping computar programs (Reference 2) are employed to calculate the
notional rms relative motion at the bow (ie taken from tha calculation of
absolute motion and undisturbed wave at tha bow). Correcticn factors are
used to account for the ‘swell up’ at the bow (References 3 and 4). The
computar program predicts, theugh not very well, when the water risés above
the lavel of the deck ({resboard exceadance). ‘owaver, not all freeboard
exceadances result in deck wettings. At the mement it is not possible to
predict deck wetnass frequency correctly using convantional steip theery
computer programs.

An alternative is to carry out a series of experiments to measura deck
watness fraquency on a model. Lloyd (Refarance §) describes, extensively,
a set of experiments to determine the effect of above water bow foram on
deck wetness in head soas. A total run length of at least one hour at
full-scale was available for analvsis for each bow considered. Howaver,
one of the problems involved in assessing the relative merits of different
hull forms when considering rarely occurring events such deck wetness is
the Aetormination of how many tank runs (with the same wave spectrum but
different wave time histories) are needed to establish wotness statistics
with any degree of reliability. It is desirable to carry out a minimum
number of tank runs yot still achieve results with a certain degree of
statistical reliability.

Recommendation 2,2.4 by the 18th ITTC Seakeeping Committee (Reference 6)
called for a study aimed at establishing a more sourdly based standard for
experiments on rarely oceurring events such as deck wetness. The approach
adopted was to organise a series of comparative experiments to measure deck
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watness. Twelve Tapks throughout the world agreed to tast the $=173
container ship in a specified ITIC tvo paramwter wave spactrum and record
the avaraga dock watness frequancy expsrienced at one spead in head vaves.
All the information has baen collated and analysed by ARE (Haalar) and will
ba pudblished in due courve. The purpose of this report is to deacribe
experimants carried out Ly Haslar as thair contribution to tha
collaborative experimants.

3. EXRERDMENTS

The exparimants wara coaducted at ARE (Maslar) in April 1989 in No 1 Ship
Tank. Tha PDP 11 computer waz uzad to acquire and process the data uzing
DATS zoftware developerd by Proaig Computar Conzultanis Lid.

3.t hel nda!

The GRP Model, DRC, was a 1.5 matra unappended model (1/50th scale) of the
5=175 container ship. The dimenzions are givan in Tabla 1. The model
foracastle was decked at tha forecastle dack side line with bulwarcks
fictted, az shown in the body plan in Figura 1. Adequute freing ports were
provided in the bulwarks to allew efficient water drainasge. The model was
towed using the carriage. The towing arrvangemant shown in Figurs 2
restrainad the modal in surga and yaw bus it was allowad to heave, pitch,
ausy and roll.

3.2 ada strymantavio
3.2.1  Ship Motings Wave

Absolute vervical displicemant at the stem head and 0.15L aft of the FP was
measured uzing string and potantiometer systems. The wave time hiastories
ware measured at two positions:

a. Five metras frem the wave makar abouc the centra line of the tank
(measuring actual wava time history).

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

Both time hiatories were measured using resistance wave probes.

3.2.2 Hatpess

Deck wetness was monitored using resistance probes maunted inverted on the
centre line of the forecassle of the model ax the FP and 0.1L afr of the FP
(sec¢ Frontispiece). This gave time histories of deck wattings at thase two
positions. The wetness events were also monitored using video recorders
mounted at a 3/4 position aft of the forecastle and at a pusition on the
port side giving a profile view, Markings were painted on the forecastle
and on the bow to aid visual recording of the wetness events {see Figure 3
and Reference 7).

3.2.3 ative i

The model waz fitted with resistance wires to measure relative motion at
the stem head and 0,15L aft of the FP (Reference 8). The relative moticn
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probes extended below the keal but not avo=a the freeboard. The extent of
the prabes is shown in Table 2 and Figure 3.

The sign conventions adopted are shexn in Table 3.
All calibrations, carried out prior tu the cosmencement of the axparimant,
wera found to be linear to a satisfactory degrea. Tha calibratson
coafficiants are given in Table 3.
3.3 ayima andir
The experiment conditions ware:

Froude Numbar U/JgL = 0.275

Long erasted irregular head waves uith ITC tvo paramater wava spaetrun
dofinad by:

S{w) = a/u? exp(=B/u")

with
437.3 My,
‘\ » ———— ot § a n M
T T
and

”:‘\;IL = 0.055

Ty Jg/L = 3.5

Leng vaves in No 1 Ship Tank suffur from shallow water effeces. Lloyd and
Frysr (Raferance 9) descrida a tachniqua which correets for thasa_a!feé;s.
Thus, the waves generated in No 1 Ship Tank for the purpose of this
experisont are not from an ITIC two paramater spectru: but a slightly
distorted spectrum. Figura 4 snows the ITIC spectrum and the specified
spectrun (corracted for long wava shallow water affecta). The wave
conditicns for model and ship ars shown in Table 4, The generatien of the
random wave Is described by Fryer in Reference 10. Ho includes datails of
wave gaseraticn, beach reflections and tha usaful length of tha tank vhen
generating random waves. Software has been devaloped by Gilbert (Refersnce
11) for the wavemaker in No. 1 Ship Tank to generata the required randes
wavg and supply the user with tha uzable run longth. The software enabled
a differant time history to be used for each tank run and this #as a
nacessity for the expaeriment.

3.4 sliminary Expariments
Calm water runs were carried out to measure the bow wave elevation using

the relative motion probes and also to measure the trim and sinkage of the
model at the running speed for the wave experiments. ’
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4. SALYS

Data wara acquired from all of tha swasurley devices in a multiplexad fom,
which had to be demultiplexed and smlcigiiad by 3 calidestion coafficient,
Selacted time histocies ware examined and & spactral plot was made of tie
actual wava tima history to ensure that tha corract wave condition had besn
achisved before accepiing the run az valid. A nota w23 pade of the nunbar
of dack vattings obsarved and all data wera then stored in the sultiplexed
fors for furcrher analysis at a latar date.

Specially weitten softwara was used to cosplete the snalyais. Program
CLIPED was writtan to restore the peaks and troughs to tha relative motion
tina histories caused by tha fact that the relative rotion probes did nmot
axtund bayond the frachoard and not far encugh balew tha keel. The methed
is similar to that employed by Lloyd in Refarence 5. Results included a
datailed look at the wave time histories, derk watnass saverity and
analysiz of how many tank runs were needed to ger reliable statisties.

The £inal resuita alzo includad :
a. Calm wazar runs.
b.  A=algamated for all tank rups:

(1) Sigaificant wave haight and madal period of achiaved
uave condicion.

{2} Mean and RMS morions (absolute and ralative) av the 3tem
head and 0.15L afe of the FP.

(3) Comparisen of axparimental values of RMS motions with
thosa caleulated in PAT-85.

(4) Probability distrihutionz of paaks and troughs of motiens
and waves and comparison with the Rayleigh formula.

¢. For each individual run. Records of tha number of deck wetting
avants at the FP and 0.3L aft of the FP.

5. RESULTS

The experiments showed that the bow wave was an extramely local effect de

the water surface remained virtually undisturbed until about a centimeirs

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 Haves

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 peried.
However, 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.
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Figure 6 shows a graph of the probability of wave peaks and troughs
exceeding various levels amalganated over all valid terk runs, for
maasurecents made by both the carrisge and tank wave probes. The solid
line represents theorstical results based en the Rayleigh dxscr§bucion
uaing the measured RM5 wave elevation {Raference 5). The experiment
results show that high peaks are more likely and deep troughs are less
1ikely ro occur than would be pradictad by the linear theory. Thia a3 not
totally unexpacted, sinee for zea conditiens as axtréme as the one uzed in
this experimant non-linear effecta are kikely to be present. An example of
thesa Stokes wavas i3 ghovn in Referanse 12,

5.3 atinns ane anta aey Lava

The RMS motion:z ara shown in non dimensional fom in Tabla 6 and compared
with the PAT-85 pradictiona, (discussad further in 5.5). Tha non
dimensional groups are given in Table 5. Figures 7 and 8 show the .
probability of thu motion amplitudes exceeding various levels compared with
the Ravleigh formula (solid line).

Figur~ 7 shows absolute motion at tha two stations. Again, .he motions
follow a Rayleigh distribution closaly except at the larger amplitudes.
This may ba associated with the nen linearities in the motion raspenses,
but it also, no doubt, a function of the discrepancies already noted for
the waves in

Figure 6.

Figura § shows relative motion at the two stations. The experiment results
match the theory much Juss well than in Figures 6 and 7, This is
presumably due to the bow swell up which is less significant at 0.15L afe
of the FP. ‘1he rasults show that freeboard excesdance (and deck ~attings)
are much more likely than tha Raylaigh formula would suggeat. Conversely,
keal amergence and slarming are less likely. Also shown in Figure 3 are
the limits of the relativa motion probas. Paak values cutside theze limits
have bean reconstructed using the CLIPED program described in section 4.
There is som2 evidence of discontinuities in the results at these limits
supgesting that the restored peaks are not quite corract.

. »

5.4 fampls rima arie

Figures 9-10 show sample time histories taken from the experiment. The
blue line ropresents the motion (or waves) and the red line gives an
indication of deck wetness incidence. The actual height of the line 13 not
a very good indication of deck wetness saverity 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 historics would provide an insight into the process of deck wetness,
More analysis will be done at a later stage.

5.5 arisons wi od} 281

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 spactrum 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 predictien,
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Figure 11 show the comparizon batween the measured and prodicted abzolute
rotion spectra. Tha predicted absclute motion spactra seems te be too low,
aapecially at or around the modal peried.

Figures 12 show the relative motion spactra, the prediction is much lower
,by up to SO par cont in some cases, and it seens to got worse further afk,
The conclusions draun from the Figures are reflected in comparszsons of
exparimental and predicted values for RMS motions, shown in Table 6.

Ganarally, RMS absolute motions are under predicted by about 8 per cent and
scla:i¥c metions by about 12 par cent. These discrapavicies are probably
ue to @

a. The sovare wave condition introducing non lincarities.
b, The bow 3wall up not being prodicted by PAT-86.
€. PAT-86 not taking into account the stem rake.

5.6 |Horneas

Considering only thosa runs obtained in the correct wave condition, Table 7
shows that the observed dock notneas frequency for each run varied over a
large range from 2 to 14, Table 7 also shows the results obrained in order
and the running average non-dimensional watness fraquency as thu experiment
prograssed,

If the experiment had been done in a different order differant estimates of
the running mean would have been obvtained although the final result would
have baen the same. Figure 13 shows the running deck satnesa frequency as
3 function of non-dimensional run length for 25 different run orders chozen
at random. Tha broken linas represent 1.1 and 0.9 times the final average
watness frequency.

From Figure 13 we can racommend that a total run of 200 model lenpths is
required to give a reasonably reliable estimaze of watness freque, gy.

Three hundred would represent very good practice. Even here thers 15 a
reasonable probability of the estimated watness frequancy being in error by
more than

10 per ceat.

6. CONCLUSYONS

This report has described an experiment tn astablish a more soundly based
standard for experiments on rarely occurring events. The experiments at
Haslar are part of 2 collaborative exerecise with 12 tanks throughout the
world. The results from the other tanks will be collated at a latar 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 experiments 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 sre quite good considering the severity of the wave condition.




7. BCONMMEN N

The authors recommend that for the modal of the S~175 container ship and
the wvave conditions generatad in No t Ship Tank, experiments to measure

rare events such as dock watness and slamming should be run for at least
200 ship or model lengtha., Three hundred would reprasent good practice.
The question must be asked if this will be adequate ,or indeed too much,
for othar experimental conditiens, It is impossible to set 5. «ndrcd run
lengths for all experimental conditions and so a method should be develo
to analyse the results statistically as the experiments are carried out.
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Table

PRINGIPAL PARTIGULARS OF SHIP AND MOOE]
Ship Heoda)
L (=) 175.00 3.50
8 (m) 25.40 0.51
T (=) 9.50 0.19
M (ronnasz) 24742.00 0.19
leb (par cant L) 1,42 t.42
C. 0.97 0.97
G (m) 1.00 0.02
T¢ () 18.00 2.55
KG (m) 9.52 0.19
Table 2
EXTENT OF BELATIVE MOTIQN PRORES (for model)
Ralative Freeboard | Maxi keel | Mini
Motion reeboar aximum ee inimum
Stem head (m) 0.212 0.200 - 0.196] =~ 0.240
0.15L aft FP(m) 0.180 0.150 -~ 0,190y =~ 0.230
(stbd/pore)
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Tabls 3

¥ AND C oy 6o 4

C3libration
Probas Sign Conventien | Coefficlent

{Volts/matra)
Kave probes: Positiva wave
Tank troughs - 0.0283
Carriage - 0.0294
Potentiometers: Positive bew
Stem hoad dosn = 0.0375
0.15L afc FP - 0.0373
Watnass prebes: Positive watar
Fp on deck 0.0175
0.1L afe FP 0.0174
Relative motion: | Positive bow
Sten Head down 0.0343
0.15L (port) 0.0307
0.15L (sthd) 0.0350
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FAVE cox

Modal

deaired achicved

";n(n) 7.88

Tg (3) 14,78

0.1575 0.1643

2.09 2,05

Table §

RON _DIMENSIONAL GROUPS

e R

Quantity

Nen Dimensional Group

Absolute motion
Relative motion
Frequency

Wave amplisude
Modal peried
Spectral ordinate
Run length

Wettings

s/L

/L

wil/g

a./L

To/g/L
S(w)/L? Jg/L
By L/L
N./Run length

1"




Table 6
BMS MOTIONS I¥ IRREGULAR WaVEs
| Motion PAT-86 | Expariment
5/l av stem head | 0.026 0.023
s/L C.I5L afe kP 0.022 0.022

t/k at stem head 0.02¢ 0.032
r/L 0.15L afe Fp 0.024 0.0%4 !

12
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Table 7

¥
N . Wattings
fun Numbar of | Non ciwensienal Running
! ¥umber| Wattings run length p;:n?:g“ #ean
Loy 10 18.4 0.343 0.543
2 12 36.8 0.552 0.597
3 11 55.3 0.597 0.597
4 6 73.7 0.326 0.529
5 12 § 92,1 0.652 0.354
I 13 i 110.5 0.706 0.579
7 14 : 128.9 0.760 | 0.505
8 8 , 147.3 0.434 0.584
9 8 : 165.8 0.434 0.567
10, 13 i 184,2 0.706 0.581
1" 7 f 202.% 0.350 0.563
I 6 f 221,0 0.326 0.543
13 10 ! 239.4 0.543 ! o0.543
L4 9 i 257.8 0.489 1 0.539
15 8 ’ 276.3 0.434 | 0.532
16 4 294,7 0.217 | 0.51%
17 8 , 313.1 0.43%4 | 0.508
18 11 : 331.% 0.597 | 0.513
19 2 4 349.9 0.109 0.492
, 20 B : 368.3 0.434 0.489
21 % ; 386.8 0.217 ! 0.47%
22 7 ! 405.2 0.380 0.471
23 13 | 423.6 0.706 0.482
26 8 ‘ 442.0 0.434 0.480
25 5 ; 460.4 0.211 0.471
26 14 , 478.8 0.760 0.482
13
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Figure 7
PROBABTLITY DISTRIBUTION OF ABSQLUTE HOTION
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Figure 12
MEASURED AND PREDICTED RELATIVE HOTION SPECTRA
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