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Abstract:

By order of the European Maritime Safety Agency &M, the survivability of a
200 m RoPax vessel has been investigated in loggjent irregular beam seas jin
two damage conditions.

The main purpose of the present investigation waastertain whether the test
ship, designed to comply with the SOLAS 2009 damsigility criteria which
have come into force in January 2009, does aldd foé Stockholm Agreement
water on deck criteria.
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The tests, carried out according to the Directi0@325/EC, have shown that tie
vessel fulfilled the Stockholm Agreement in seawajth significant wave height
less than 4 m in both tested damage conditions.edewy significant wave heights
between 4 and 5 m lead to several capsizing inceleim Damage Case 1.
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In order to determine a critical condition for DaggaCase 4 a variation of the
vessel's floating condition has been taken intosateration. The model did ng
capsize till it was floating at 1.4 degrees trindahdegrees heeling angle off the
leakage. In this floating condition the model capdiin all sea conditions, also |n
seaways having significant wave heights smallen than.
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All relevant time histories, the statistical resuis well as selected figures and
drawings of the model of the 200 m RoPax vesse$laog/n in Annex A and C.
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1

Introduction

In January 2009, the new harmonised probabilistiesr for ship subdivision, released in
the IMO Res.MSC.216(82) [SOLAS 2009], have becomaadatory. It has superseded the
SOLAS 74, as amended up to SOLAS -96/98 Am., hexeahtlled SOLAS 90, for the
same use.

One of the main aspects of the new guidelinesasptiobabilistic concept which implies
the idea that two different ships having the santaifed Index feature the same safety
standard so that no special treatments of singigpantments are necessary. In addition to
collision damages, emphasis is put on bottom leakage to grounding.

Similar to the SOLAS 90 an Attained Index “A” resag from the sum of all investigated
damage conditions is calculated. This Attained Xnaeust not be smaller than the
Required Index “R”. For the Required Index the S@LAR009 specifies formulae
depending on the type of ship that are based distgtal evaluations of existing vessels
investigated within the IMO’s framework of HARDERgpect. The R-Index is defined as
the minimum safety level.

Besides the probabilistic concept of damage stgltiie SOLAS 2009 implicates some
more modifications to the previous rules. Soméhefimportant issues are listed below:

» The extension of the collision damage has to besidered up to at least B/2 and
not only in the space of the B/5 margin line a8 in SOLAS 90.

» The 1, 2 or 3 subdivision damage (max damage leoigili m) is replaced by the
maximum damage length of 60 m.

» The distance between the bulkheads can be optyoaedined.

= Some of the calculated damage cases may not fiaéfilsurvival criteria, whereas
the SOLAS 90 specifies the K in dependence of the critical damage case.

By order of the European Maritime Safety Agency @&\, damage stability
investigations have been performed for a large0 (2) RoPax vessel designed according
to the rules of the SOLAS 2009. The main purposthefdamage stability investigations
was to find out if this ship does also comply witte water on deck criteria of the
Stockholm Agreement (SOLAS 90). The investigatiomeluded both, numerical
simulations and physical model tests.

The tests have been carried out in HSVA's largeiigwank on # and ' May 2009. The
model was trimmed to one initial load condition drak been prepared for two different
damage cases. The tests have been carried odfdredt long-crested irregular beam sea
conditions according to the Directive 2003/25/EC.
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Model Description

1.1 Main Particulars of the 200 m RoPax Vessel

The main particulars of the investigated vesseldgh@cale 1:34) and the relevant load
conditions are as follows:

Main Data of the Intact Vessel Damage Case 1
Full Scale Model Full Scale| Model
Loa[m]| 199.90 5.879 Lwe [m]| 193.25 5.684
Lpp[mM] 190.25 5.596 Ta[m] 7.93 0.233
Lwe [m] 193.25 5.684 T [m] 7.19 0.211
Bw [mM] 30.80 0.906 T: [m] 6.44 0.189
D [m] 22.00 0.647 Heel [°] 2.5 2.5
Ta[m] 6.80 0.200 GM' [m] 3.12 0.092
T [m] 6.80 0.200 Ty [S] 16.2 2.77
Ts [M] 6.80 0.200
Cs [-] 0.56 0.560
V [m3kg]| 22718 578 Damage Case 4
LCB [m] 89.96 2.646 Full Scale| Model
KM [m] 18.72 0.550 Lwe [m]| 197.23 5.801
KG [m] 14.22 0.418 Ta[m] 6.38 0.188
GMg [m] 4.50 0.132 T [m] 9.87 0.290
KB [m] 3.89 0.115 Ts [m] 13.36 0.393
To[s] 13.1 2.25 Heel [] 1.0 1.0
I Bwi [--] 0.43 0.43 GM' [m] 1.84 0.054
iyy/LPP ["] 0.24 0.24 T(p [S] mea;\:frtable meayuor;ble

Table 1: Main particulars of the vessel in the releant test conditions

The abbreviations used above are explained separratbe ‘List of Symbols’ on page 19.

DA

DD

T

B

= @9

Figure 1: Side view of the 200 m RoPax vessel
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1.2

Construction of the Model

The 200 m RoPax vessel is a twin screw vessel wiashtwo Ro-Ro cargo holds and a
maximum passenger capacity of 542. The ship repteselarger modern RoPax vessel
and is therefore well suitable for the present dgegrsability investigations.

The ship model having an overall length of 5.6 s haen built from reinforced plastics
according to the hull lines provided by Flensbur§ehiffoaugesellschaft GmbH (FSG).
The hull of the model has a mean thickness oimand was built up to a height of
22.00 m above the base line in full scale dimension

All relevant internal structures like tanks, deckslkheads etc. were made from plywood
and positioned according to the general arrangepiantdelivered by FSG.

The long lower cargo hold extends frort®& to #195 and its car deck was modelled at a
height of 3 m above the base line. The long lowald thas a double hull so that the
maximum width of the hold corresponds to 24 m. Tpper car deck extends over almost
the whole ship length (from the transom to #24Q) amas positioned at a height of 9.2 m
above the base line. Two variants of the uppercchald have been investigated within the
model tests. In Damage Case 1 the car deck extenagdhe whole breadth of the vessel,
whereas the upper hold was fitted out with a dotol in Damage Case 4. The double
hull extends from #96 to #119 and was due to irsgrethe residual buoyancy in this
damage condition. In the parallel part of the shgpdouble hull has a width of 1.4 m.

Two down flooding points, which can be seen in Feg8, have been modelled inside the
centre casings on the upper car deck. The coosdirtdtthese points are listed in Table 2:

Designation X-position y-position Z position
Down flooding Point 1 #45 (33.75m) 1.60 m to -1r60 12.60 m
Down flooding Point 2 |  #192 (144.00 n) 1.60 m tcb@lm 12.60 m

Table 2: Positions of the down flooding points

The necessary wall thickness of the internal aearents reduced the permeability of the
flooded spaces by approximately 5% depending orsiteeof the rooms. For this reason,
further adjustments of the permeability were notessary. Those compartments being
considered with a permeability of 85% were so srttak additional internals were not

necessary either.

1 #: building frame (frame spacing = 0.75 m)
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For the damaged compartments without funnel andlagan systems or emergency exits,
flexible air pipes were provided so that the realdur of the flooded rooms could escape.

Non-watertight doors were considered as openingjsanvalls.

Two damage cases, both located on starboard sasle,lbeen considered within the model
tests. The longitudinal centre of the first damagée (Damage Case 1) was arranged at
#60. The damage length was 8.69 m and had a tiemngjuape in the horizontal plane with
a penetration depth of 6.16 1B/%). The opening angle corresponded to 55°. Irvéracal
direction the leakage extended to a height of labowve the base line.

The longitudinal centre of the second damage Hotam@age Case 4) was arranged at #178.
The damage length was also 8.69 m and had a ttemgjuape in the horizontal plane with
a penetration depth of 9.24 m (B3 The opening angle corresponded to 65°. In the
vertical direction the leakage extended to a heafiif7f m above the base line.

In order to simulate the correct roll motion belvavi of the ship the appendages were
modelled as well, whereas the rudder dummies peavithe lateral area (21 m? each,
including head box), but were not profiled. Two tahble stock propellers (No’s.
1087/1088) were chosen having a diameter correspgrid 6.35 m. The propeller shafts
were supported by two V-brackets each. In additioa,model was fitted out with one pair
of bilge keels extending from 52.5m to 112.5 mfiont of the aft perpendicular.
Following this, the length of the bilge keels (6] ocorresponded to 31.5% ofkh The
profile height of the bilge keels was 422 mm aneirtlends were tapered by an angle of
30°.

On the car deck several markings were used to euledihe deck into rectangular fields in
order to visualise the water accumulation on thredezk. One longitudinal line has been
drawn on the vessel's centre line. Transversalslihave been provided on each™30
building frame.

Annex A contains a couple of drawings and photogsaghowing the details of the model
described above.



[Iﬁl]@% S 590b /09

EMSA — 200 m RoPax Vessel Page9

13

131

13.2

Weight Distribution
Intact Ship

Prior to the tests the model was trimmed to thadntoad condition corresponding to a
draught of 6.8 m on even keel. The initial metageriteight of 4.5 m was ascertained by
an inclining test in calm water. The radius of dgigma for pitch was 0.24.pp.

The natural roll motion period of the fully equighbenodel was measured during a roll
decay test in calm water at zero speed. By usiegfoiowing formula, the radius of
gyration for roll can be estimated:

[GM . T, /g [GM
IxxAM :TCDE]g or Ixx: 2 g
’ 20t 20101.05
in which:

I «av+ Radius of gyration for rolligcluding the hydrodynamic added masses)

Iy Radius of gyration for rollegxcluding the hydrodynamic added masses)

XX

Ty Natural roll motion period

g Acceleration due to gravity (= 9.81 m/s?)
GM: Metacentric height
1.05:  Assumed coefficient for the influence of adideass

For the intact vessel a natural roll motion perigoE 13.1 s was measured. According to
the formula shown above, the radius of gyrationrédirresults in 0.48By, for the dry ship
condition.

Damage Cases 1 and 4

After having cut the leakages the floating conditiof the model was ascertained and
compared with the data determined from the hydtiostealculations. The floating
condition of the physical model and of the hydrbstaalculations fitted very well. The
metacentric heights for both damage cases weratasez by inclining tests in calm
water.

In Damage Case 1 the GM corresponded to 3.1 m aadlaal roll motion period of 16.2 s
was measured (see Figure 4). The initial heelirgdeawas 2.5° towards the damage.

In Damage Case 4 the GM corresponded to 1.84 m.tdtlee very high roll damping of
the damaged model it was not possible to measeradtural roll motion period reliably.
The initial heeling angle of 0.6° towards the damags increased to 1° according to the
IMO Guidelines (Rragraph 3.4 of Appendix of IMO Res.14 of 1995 SOLAS Conf.).
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2 Measurements

The model of the 200 m RoPax vessel was equipp#d avi optical measuring system
which measured the roll, pitch and heave motiont®imodel.

Fourteen wave probes have been arranged in orddetesmine the water level in the
relevant areas of the upper car deck. One furtlzevprobe measured the water elevation
directly in front of the hull opening. The posit®nf the wave probes can be seen in Figure
8 in Annex A.

Two additional wave probes were used for measuttiegwave elevation, one near the
model and one close to the wave generator as sghjoy the guidelines.

Three video cameras have been used during the nestsl Two cameras showing the
front and aft view of the cargo hold were installed the model and one camera was
positioned on the main carriage to record the dveiew of the model.
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3.1

Model Tests

A test series of 35 test runs was performed wighnttodel of the 200 m RoPax vessel.

Tested Seaways

The model tests were carried out in long-crestegjular seaways defined by both, the
JONSWAP spectrum J6int North Sea Wave Project) and the ITTC spectrum
(Internationall owing Tank Conference). Both spectra are characterized bydhenpeters
significant wave height &and the peak period,,Tbut have different enhancement factors,
y. For the seaways with JONSWAP spectrum the enaecefactor has been set to 3,3.
The seaways with ITTC spectrum were defined witleanancement factor corresponding
to 1,0.

The model was tested in several sea conditions wighificant heights from 3.68 to
6.69 m. The seaways with JONSWAP spectra had pea&ds corresponding to\ﬂs ,

whereas the seaways with ITTC spectrum had peasdsecorresponding tofH .

The control signals for the wave generator were pmsad for different seaway
realisations.

The actual seaway spectra were calculated frontithe histories of each test run. In
Annex D comparison of the spectra determined frobemrheasurements at two locations
(one near to the wave generator and the othertaghe model) and the theoretical spectra
is shown in Cartesian diagrams. The spectra defrosd the measurements in the vicinity
of the model were converted to the earth-fixed do@te system considering the mean
drifting speed of the model.

The comparison of the corresponding spectra shawse sunavoidable scatter in the
measurements, for example due to reflections. Takirs into account the desired spectra
were satisfactorily modelled in the tests.

In cases of short measuring times due to capsiziaglences the comparison between
actual and theoretical seaway spectra can notédreasereliable because the measurements
did not cover the whole spectrum.

For the H and T, values used within this report the wave probe tieawave maker has
been used since there were no disturbances deédotions etc.
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3.2

Test Arrangement

The seakeeping tests were performed in HSVA'’s léogeng tank which measures 300 x
18 x 5.6 metres in length, width and water depth.

During all runs the free-drifting model was pogitsal in beam seas (90° encounter angle)
with the leakage facing the incoming waves. In otdanaintain the heading of the model
two soft ropes fastened at the stem and transora wssd.

The measured signals of the wave probes insidentbdel were transmitted to the
measuring system on the main carriage.

During the tests the main carriage followed the etagb that the cables were almost
hanging vertically above the model and did notuefice its motions to a measurable
extent.

In order to minimise wave reflections the model wasitioned at a distance of about 90 m
from the wave maker so that there was a remainistgutte of about 200 m between the
model and the beach at the other end of the tank.

Figure 2 shows a principle sketch of the test ayeament.

Beach

Tank width =18 m

) | & =
& 8
! I
| T |
: - - o =
2m 5m | 4m B ?
Wave probe | ﬁ
e [ Model > - .
T Main Carriage ? )
: Y
Wave probe at ”,Ki
the wavemaker +——"— E—t

5

Wavemaker

Figure 2: Sketch of the test arrangement
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4.1

4.2

Data Handling and Analysis

Data Recording

The analogue ship motion data was transferred éonteasuring system on the main
carriage. This data was digitally recorded at apeng rate of 100 Hz in model scale. All
relevant data and analysis results were conveotédlltscale values according to Froude’s
law of similarity.

Data Analysis

In terms of a statistical analysis (see chapter) B@veral statistical values were
determined. Positive and negative amplitude vahresgiven separately in order to point
out the non-linear characteristics of the invesédaesponses.

According to Figure 25 in Annex E the definition tfe positive direction for the
determined ship motions and accelerations arellasvi

Response Positive Direction
Pitch angle Bow down

Roll angle Starboard side down
Heave motion Up

Wave elevation Up (wave crest)

For the roll motion a special treatment was necgsbacause the roll angle did not
oscillate around zero. First, the time history olf has been low-pass filtered and stored
separately. The resulting filtered data has beed us order to find the local maximum

and minimum values. For the determination of tla¢isical values the local maximum and
minimum values have been referred to zero. Thisgumore is exemplified in the figure

below.

ﬂ o Local maximum
o Local minimum
— Low-pass filtered

Roll angle

* Time

Figure 3: Statistical analysis of the roll motion
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5 Test Results

5.1 Roll Decay Test in Calm Water

For each load condition a roll decay test was paréal in calm water at zero speed. In the
course of this test, the model was first excitedrdlh. After releasing the model, the
decaying roll motions were recorded.

The time histories of the roll decay tests candmndelow.

Roll Decay Test in Calm Water at Zero Speed

Phi [deg]

o [

——

—

>
—

——

B—

——

—

=1

0 ' 50 ' 100 ' 150 ' 200 ' 250 ' 300 : 350
t[s]
Figure 4: Roll decay test in calm water (Damage Casl, Tp=16.2 s)

Roll Decay Test in Calm Water at Zero Speed

Phi [deg]
[——

M/‘/J/\/M

-2

0 20 40 60 80 100
t[s]

Figure 5: Roll decay test in calm water (Damage Cas4).
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5.2

Survival Criteria

Paragraph 5 of the Appendix of Directive 2003/25/B@nex |, as amended, defines the
survival criteria as follows:

“The model should be considered as surviving iftatienary state is reached for the

successive test runs as required in paragraph %8 model should be considered as
capsized if angles of roll of more than 30° to thegtical axis or steady (average) heel
greater than 20° for a period longer than three utes full-scale occur, even if a

stationary state is reached.”

The criteria quoted above have been laid down oRet8uary 2005. HSVA has taken the
survival criteria according to Paragraph 4 of thppéndix of Directive 2003/25/EC,

Annex | from 17 May 2003 as basis. In this versiba survival criteria are defined as
follows:

“The ship should be considered as surviving if atishary state is reached for the
successive test runs as required in paragraph@@®yided that angles of roll of more than
30° against the vertical axis, occurring more freqtly than in 20% of the rolling cycles
or steady heel greater than 20° should be takewagsizing events even if a stationary
state is reached.”

However, in the present model tests the interpoetaif the survival criteria according to
the version from 18 February 2005 would have lediémtical results, as the 30° criterion
was not decisive.

Below, the curves of the vessel’s righting levers shown for both damage cases (calm
water). In addition, the limits of the GZ curvesdrsted in tables together with the
measured significant wave heights. The last columdicates whether the vessel fulfilled
the survival criteria of the guidelines or not.

GZ CURVES
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0 ——— - r r T
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~
N
—_ N
E 1 ~
— \\
Q
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8359 --- Damage Case 4
-4
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Figure 6: GZ curves for both damage cases



RSV

S 590b /09

EMSA — 200 m RoPax Vessel Pagel6
Damage Case 1
Run-No. GZ,max Range Hs Tp Yy Survived*
[m] [deg] [m] [s]
1 0.248 145 3.97 12.0 1.0 YES
2 0.248 145 4.01 12.0 1.0 YES
3 0.248 145 4.02 12.0 1.0 YES
4 0.248 145 4.03 12.0 1.0 YES
5 0.248 145 4.46 12.0 1.0 NO
6 0.248 145 4.87 12.2 1.0 NO
7 0.248 145 4.32 11.6 1.0 NO
8 0.248 145 3.81 8.4 33 YES
9 0.248 145 3.73 8.4 3.3 YES
10 0.248 145 451 8.6 33 YES
11 0.248 145 4.77 8.7 3.3 NO
12 0.248 145 4.99 8.9 33 NO
13 0.248 145 4.58 8.6 3.3 NO
14 0.248 145 4.65 8.6 33 YES
15 0.248 14.5 4.65 8.6 3.3 NO

Table 3: Survival of the damaged vessel in Damagea€e 1

Damage Case 4
Run-No. GZ,max Range Hs Tp Yy Survived*
[m] [deg] [m] [s]
16 0.162 17.9 3.90 11.8 1.0 YES
17 0.162 17.9 3.75 11.6 1.0 YES
18 0.162 17.9 4.64 12.3 1.0 YES
19 0.162 17.9 4.62 12.2 1.0 YES
20 0.162 17.9 4.64 12.3 1.0 YES
21 0.162 17.9 3.73 8.3 33 YES
22 0.162 17.9 4.35 8.4 3.3 YES
23 0.162 17.9 431 8.4 33 YES
24 0.162 17.9 4.30 8.4 3.3 YES
25 0.162 17.9 4.38 8.4 33 YES
26 0.162 17.9 6.50 10.2 3.3 YES
27 0.162 17.9 6.69 111 33 YES
28 0.162 17.9 4.39 8.5 3.3 YES
29 0.162 17.9 5.60 10.3 33 YES
30 0.162 17.9 6.64 11.1 3.3 YES
* 31 0.162 17.9 4.21 8.3 33 NO
32 0.162 17.9 3.91 8.3 3.3 NO
33 0.162 17.9 3.70 8.3 33 NO
34 0.162 17.9 3.68 8.3 3.3 NO
35 0.162 17.9 3.78 8.3 3.3 NO

Table 4: Survival of the damaged vessel in DamageaSe 4

* Change of floating condition
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5.3

Results of Measurements (Annex C)

The results of the statistical analysis for thé-$chle vessel are compiled in Annex C. The
tables show the performed test program in detail.

Below the header, showing the test conditions,stfag¢istical results can be seen for all
measured values.

The abbreviations used in the tables are explaiedmiv:

Asig Mean value of the one-third highest absolute Isingmplitudes
measured during the test runs (absolute signifiseagie amplitudes)

Asig +1- Mean value of the one-third highest posiinegative single
amplitudes measured during the test runs (posiémd negative
significant single amplitudes)

Amax - Maximum positive/negative single amplitude s@&d during the test
runs

For the roll motion the following abbreviations da@ seen in the statistics:
Asig upper bound Mean value of the one-third highest local maximgingle amplitudes
Asig lower bound Mean value of the one-third highest local minimsimgle amplitudes
Amax upper boundLOCal maximum single amplitudes (see Figure 3)
Amax lower bound LOCal minimum single amplitudes (see Figure 3)

Tm Mean rolling period

The given maximum values are realisations of aaary distributed variable. In case of
exposure times longer than the measuring timesguhe tests, higher extreme values
become more probable, whereas the significant gaue much more stable.
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6 Conclusion

By order of the European Maritime Safety Agency ), damage stability tests have
been carried out with the model of a 200 m RoP&sele

The main objective of the investigations was toifyewhether the vessel designed
according to the new damage stability guidelindsictv have come into force in January
2009, does also comply with the SOLAS 90 Water oeclD Criteria (Stockholm
Agreement).

For the tests one model with an overall length .6frd and a hull thickness of 5 mm has
been built including all relevant internals andustural details. The tests were carried out
in HSVA's large towing tank on "% and &' May 2009. The free drifting model was

positioned in long-crested irregular beam seas €a@dunter angle) with the damage hole
facing the incoming waves. Two damage cases, bmthtéd on starboard, have been
considered within the model tests.

The measurements included the heave, pitch ananations of the model and the water
elevation at fourteen positions inside the carglo.hOne wave probe measured the water
level directly in front of the hull opening. The waelevations at the wave generator and in
the vicinity of the model were measured by two &ddal wave probes.

All tests have been documented on video. Three wiews can be seen on the video,
one showing the whole model and two showing theriot of the cargo hold from fore and
aft.

The tests, carried out according to the Directi@83225/EC, have shown that the vessel
fulfilled the Stockholm Agreement in seaways withngficant wave heights less than 4 m
in both tested damage conditions. However, sigmifiovave heights between 4 and 5 m
lead to several capsizing incidences in Damage Case

In order to determine a critical condition for DaggaCase 4 a variation of the vessel's
floating condition has been taken into consideratithe model did not capsize till it was
floating at 1.4 degrees trim and 4 degrees heemgle off the leakage. In this floating
condition the model capsized in all sea conditi@hsy in seaways having significant wave
heights smaller than 4 m. The reason for theseizagsincidents was that in this

condition the water could accumulate on the cak @athout draining off again.
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7 List of Symbols

Loa Length over all

Lpp Length between perpendiculars

Lwi Length in waterline

BwL Breadth in waterline

D Depth to main deck

Ta Draught at the aft perpendicular

T Mean draught (atd<2)

T; Draught at the fore perpendicular

Cs Block coefficient

Vv Displacement volume

LCB Longitudinal centre of buoyancy

KM Height of the initial metacentre above the keel

KG Height of the centre of gravity above the ka&trtical centre of gravity)

GMo Initial metacentric height

GV’ Metacentric height in the damage condition

KB Vertical centre of buoyancy

To Natural roll motion period of the ship

Ixx Radius of gyration for roll

lyy Radius of gyration for pitch

AP Aft perpendicular

FP Fore perpendicular

# Building frame

GZ Righting lever of the ship

fs Residual freeboard

g Acceleration due to gravity

Hs Significant wave height

Tp Peak period

% Enhancement factor of the seaway spectrum

Asig+/- Mean of the 1/3 highest positive / negative values

Amax+/- Maximum positive / negative values

zeta _mod Wave elevation in the vicinity of the mlod

zeta wpl..n Wave elevation at the wave probes on the car deuk fistories)
Cwpt..n Wave elevation at the wave probes on the car @akistics)
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Annex A

Drawings and Photographs
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Figure 7: Body plan / contour of stem and stern frane
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Figure 8: Dimensions of the damage holes and positis of the wave probes on the car deck
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DAMAGE CASE 1
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Figure 9: Flooded compartments
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Figure 10: Bilge keel arrangement
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—a

Figure 11: Void 8; engine & electric workshop etc(#39 to #60)

Figure 13: Tanks below the tank top (#160 to #186)
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Figure 14: Engine room floor (#60 to #96)

Figure 16: Lower hold, view from aft (#96 to #195)
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Figure 18: Aft appendages of the model
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Figure 19: Leakage of Damage Case 1

Figure 20: Leakage of Damage Case 4
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Figure 21: Main deck (forward part without double hull)
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Figure 22: Main deck (forward part with double hull)
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Figure 23: Main deck (aft part)
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Annex B

Time Histories
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Run-No. 5/ Damage Case 1/ Hs=4.46 m/ Tp=12.0s/ Gamma= 1.0
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Run-No. 5/ Damage Case 1/ Hs=4.46 m/ Tp=12.0s/ Gamma= 1.0
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Run-No. 8/ Damage Case 1/ Hs=3.81m/ Tp=8.4s/ Gamma= 3.3
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Run-No. 8/ Damage Case 1/ Hs=3.81m/ Tp=8.4s/ Gamma= 3.3
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Run-No. 9/ Damage Case 1/ Hs=3.73m/ Tp =8.4s/ Gamma= 3.3
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Run-No. 11/ DamageCase 1/ Hs=4.77 m/ Tp=8.7 s/ Gamma= 3.3
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Run-No. 11/ DamageCase 1/ Hs=4.77 m/ Tp=8.7 s/ Gamma= 3.3
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Run-No. 12/ Damage Case 1/ Hs=4.99 m/ Tp = 8.9 s/ Gamma= 3.3
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Run-No. 12/ Damage Case 1/ Hs=4.99 m/ Tp = 8.9 s/ Gamma= 3.3
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Run-No. 13/ Damage Case 1/ Hs=4.58 m/ Tp = 8.6 s/ Gamma= 3.3
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Run-No. 14/ Damage Case 1/ Hs=4.65m/ Tp = 8.6 s/ Gamma= 3.3
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Run-No. 15/ Damage Case 1/ Hs=4.65 m/ Tp = 8.6 s/ Gamma= 3.3
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Run-No. 15/ Damage Case 1/ Hs=4.65m/ Tp = 8.6 s/ Gamma= 3.3

8.00

6.001
4,001

zeta_wpl4 [m]

2.00+

2288 + T ’ I ’ I ' 1 ' | ' I
20.00F
15.00
10.004
5.00
0.00 #
-5.00 : | : | : | : | : | : |
6.00
4.00
2.00
0.00
-2.00
-4.00 : | : . | : | : | : | .
0 25 5 7.5 10 12.5 15 17.5

zeta_wpl5 [m]

[m]

zeta_mod

Measuring time [min]



HEV/A
EM SA - 200 m RoPax Vessel B47

Run-No. 16 / Damage Case 4/ Hs=3.90 m/ Tp=11.8 s/ Gamma= 1.0
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Run-No. 18/ Damage Case 4/ Hs=4.64m/ Tp=12.3 s/ Gamma= 1.0
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Run-No. 18/ Damage Case 4/ Hs=4.64 m/ Tp=12.3s/ Gamma= 1.0
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Run-No. 18/ Damage Case 4/ Hs=4.64 m/ Tp=12.3s/ Gamma= 1.0
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Run-No. 19/ Damage Case4/ Hs=4.62m/ Tp=12.2s/ Gamma= 1.0
£ 8.00
S 6.004
o 4
2 4004+
] 1
g 2004
0.00-| t } t } t } t } t } t | : | : | :
8.00 I I I I I I I I
=  6.00}
o 4001
2 200+
> 0003
(o] +4
T 2004
-4.00 I I I I = I I I I
6.00
g 4004
S 200+
@] 4
E 000
g 2001
Q ]
-4.00 I I I I = I I I I
0 5 10 15 20 25 30 35 40 45

Measuring time [min]



HEV/A
EM SA - 200 m RoPax Vessel B59

Run-No. 20/ Damage Case 4/ Hs=4.64m/ Tp=12.3 s/ Gamma= 1.0
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Run-No. 21 / Damage Case 4/ Hs=3.73m/ Tp=8.3 s/ Gamma= 3.3
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Run-No. 22 / Damage Case 4/ Hs=4.35m/ Tp=8.4 s/ Gamma= 3.3
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Run-No. 22 / Damage Case 4/ Hs=4.35m/ Tp=8.4 s/ Gamma= 3.3
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Run-No. 23/ Damage Case 4/ Hs=4.31 m/ Tp=8.4 s/ Gamma= 3.3
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Run-No. 23/ Damage Case 4/ Hs=4.31m/ Tp=8.4s/ Gamma= 3.3
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Run-No. 24 / Damage Case 4/ Hs=4.30 m/ Tp=8.4 s/ Gamma= 3.3
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Run-No. 24 / Damage Case 4/ Hs=4.30m/ Tp=8.4 s/ Gamma= 3.3
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Run-No. 24 / Damage Case 4/ Hs=4.30m/ Tp=8.4 s/ Gamma= 3.3
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Run-No. 26 / Damage Case 4/ Hs=6.50 m/ Tp = 10.2 s/ Gamma= 3.3
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Run-No. 27 / Damage Case 4/ Hs=6.69m/ Tp=11.1 s/ Gamma= 3.3
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Run-No. 27 / Damage Case 4/ Hs=6.69 m/ Tp = 11.1 s/ Gamma = 3.3
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Run-No. 28 / Damage Case 4/ Hs=4.39 m/ Tp=8.5s/ Gamma= 3.3
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Run-No. 28 / Damage Case 4/ Hs=4.39 m/ Tp=8.5s/ Gamma= 3.3
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Run-No. 28 / Damage Case 4/ Hs=4.39 m/ Tp=8.5s/ Gamma= 3.3
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Run-No. 29/ Damage Case 4/ Hs=5.60 m/ Tp = 10.3 s/ Gamma= 3.3
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Run-No. 29/ Damage Case 4/ Hs=5.60 m/ Tp = 10.3 s/ Gamma = 3.3
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Run-No. 30/ Damage Case 4/ Hs=6.64m/ Tp=11.1s/ Gamma= 3.3
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Run-No. 31/ Damage Case4/ Hs=4.21 m/ Tp=8.3s/ Gamma= 3.3
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Run-No. 31/ Damage Case4/ Hs=4.21 m/ Tp=8.3s/ Gamma= 3.3
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Run-No. 32/ Damage Case 4/ Hs=3.91 m/ Tp=8.3 s/ Gamma= 3.3
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Run-No. 32/ Damage Case 4/ Hs=3.91 m/ Tp=8.3s/ Gamma= 3.3
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Run-No. 32/ Damage Case 4/ Hs=3.91 m/ Tp=8.3s/ Gamma= 3.3
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Run-No. 33/ Damage Case 4/ Hs=3.70m/ Tp=8.3 s/ Gamma= 3.3
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Run-No. 33/ Damage Case4/Hs=3.70m/ Tp=8.3 s/ Gamma= 3.3
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Run-No. 33/ Damage Case 4/ Hs=3.70m/ Tp=8.3 s/ Gamma= 3.3
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Run-No. 34 / Damage Case 4/ Hs=3.68 m/ Tp = 8.3 s/ Gamma= 3.3
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Run-No. 34/ Damage Case 4/ Hs=3.68 m/ Tp = 8.3 s/ Gamma= 3.3
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Run-No. 34/ Damage Case 4/ Hs=3.68 m/ Tp = 8.3 s/ Gamma= 3.3
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Run-No. 35/ Damage Case 4/ Hs=3.78 m/ Tp=8.3 s/ Gamma= 3.3
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Run-No. 35/ Damage Case 4/ Hs=3.78 m/ Tp = 8.3 s/ Gamma= 3.3
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Run-No. 35/ Damage Case 4/ Hs=3.78 m/ Tp = 8.3 s/ Gamma= 3.3
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Annex C

Statistical Results



M@% EMSA - 200 m RoPax vessel 8590b/%92

Damage Case [-] 1
Run-No. [-] 1 2 3 4 5
Survived (EU Directive) [--] YES YES YES YES NO
Comments [-]
Initial draught [m] 7.19
Initial heeling angle [deg] 2.5
Initial trim angle [deg] -0.4
Seaway spectrum [-] ITTC
Realisation [-] 1 2 3 4 1
Hs [m] 3.97 4.01 4.02 4.03 4.46
T, [s] 12.0 12.0 12.0 12.0 12.0
Measuring time [min] 37.0 38.0 35.3 38.0 14.5
Heave Asig [m] 1.98 1.95 1.95 1.95 2.33
Asig+ [m] 1.96 1.97 1.95 1.99 231
Asig- [m] -1.99 -1.94 -1.94 -1.92 -2.34
Amax+ [m] 3.36 3.64 3.44 2.98 3.23
Amax- [m] -3.39 -2.88 -3.30 -3.05 -3.33
Final draught (30 min) [m] 7.19 7.19 7.19 7.19 -
Roll Asig upperbound  [deQ] 9.51 9.5 9.8 9.4 14.0
Asiglowerbound  [d€Q] 1.15 1.2 1.1 0.9 1.8
Amax upperbound  [d€0] 11.07 11.2 11.7 11.1 18.2
Amax lowerbound  [d€0] -3.84 -2.7 -1.4 -4.2 -2.7
T [s] 12.6 12.8 12.7 12.4 124
Final heel (30 min) [deg] 6.0 5.6 5.7 5.2 -
Pitch Asig [deg] 0.34 0.3 0.3 0.4 0.5
Asig+ [deg] 0.34 0.3 0.3 0.4 0.5
Asig- [deq] -0.34 -0.3 -0.3 -0.4 -0.5
Amax+ [deq] 0.82 0.6 0.7 11 1.0
Amax- [deq] -0.72 -0.7 -0.7 -0.8 -0.8
Final trim (30 min) [deg] -0.7 -0.6 -0.6 -0.6 -
Cwn1 Asig+ [m] 0.49 0.49 0.53 0.51 0.57
Amax+ [m] 0.87 0.81 0.81 0.76 0.84
[ Asig+ [m] 0.51 0.51 0.51 0.50 0.74
Amax+ [m] 0.68 0.78 0.81 0.85 1.23
[ Asig+ [m] 0.89 0.89 0.91 0.89 1.47
Amax+ [m] 1.16 1.26 1.25 1.30 2.09
Cwpa Asig+ [m] 1.70 1.72 1.72 1.68 2.84
Amax+ [m] 1.97 2.11 2.44 2.04 4.57
Cwps Asig+ [m] 0.62 0.60 0.64 0.60 1.04
Amax+ [m] 0.92 0.97 0.97 0.88 2.13
Cwps Asig+ [m] 0.52 0.54 0.54 0.51 1.06
Amax+ [m] 0.75 0.88 0.72 0.75 1.72
[ Asig+ [m] 1.19 1.20 1.28 1.24 2.15
Amax+ [m] 1.89 1.92 1.86 1.82 3.16
Cwps Asig+ [m] 0.67 0.57 0.56 0.60 0.94
Amax+ [m] 0.90 0.77 1.16 0.80 1.45
Cwpo Asig+ [m] 0.65 0.63 0.72 0.62 1.05
Amax+ [m] 1.08 1.03 1.32 1.17 1.43
Qupto  Asige [m] - - - - -
Amaxe [m] - - - - -
Cwp11 Asig+ [m] 0.37 0.38 0.41 0.37 0.76
Amax+ [m] 0.57 0.49 0.69 0.61 1.58
Cwpi2 Asig+ [m] 0.85 0.86 0.91 0.86 1.87
Amax+ [m] 1.18 1.20 1.26 1.12 2.67
Quptz  Asige [m] - - - - -
Amaxe [m] - - - - -
Cwp14 Asig+ [m] 0.35 0.39 0.48 0.41 1.44
Amax+ [m] 0.49 0.63 0.68 0.57 2.09
Cwpis Asig+ [m] 2.53 2.57 2.56 2.46 2.82
Asig- [m] -2.30 -2.26 -2.21 -2.23 -3.36
Amax+ [m] 4.08 4.52 4.65 3.68 4.25
Anmax- [m] -3.46 -3.75 -3.82 -4.04 -4.83

Table 3: Statistical Results of ship motions and wave probe measurements



S590b /09
M@% EM SA - 200 m RoPax vessel C3
Damage Case [-] 1
Run-No. [-] 6 7 8 9 10
Survived (EU Directive) [--] NO NO YES YES YES
Comments [-]
Initial draught [m] 7.19
Initial heeling angle [deg] 2.5
Initial trim angle [deg] -0.4
Seaway spectrum [-] ITTC JONSWAP
Realisation [-] 2 3 1 2 1
Hs [m] 4.87 4.32 3.81 3.73 4,51
T, [s] 12.2 11.6 8.4 8.4 8.6
Measuring time [min] 16.3 9.0 37.2 375 374
Heave Asig [m] 2.48 2.20 1.68 1.66 1.88
Asig+ [m] 2.46 2.23 1.69 1.67 191
Asig- [m] -2.49 -2.20 -1.67 -1.65 -1.84
Amax+ [m] 4.49 3.61 2.81 3.20 4.00
Amax- [m] -3.80 -3.25 -2.88 -3.28 -3.73
Final draught (30 min) [m] - - 7.19 7.19 7.19
Roll Asig upperbound  [deQ] 12.39 14.7 10.9 7.3 8.7
Asiglowerbound  [d€Q] 1.06 0.8 5.3 2.6 34
Amax upperbound  [d€0] 19.93 20.0 135 9.6 12.6
Amax lowerbound  [d€0] -2.62 -2.9 -0.2 1.0 0.6
T [s] 125 13.2 9.9 10.6 10.6
Final heel (30 min) [deg] - - 7.1 4.8 4.8
Pitch Asig [deg] 0.57 0.4 0.4 0.3 0.4
Asig+ [deg] 0.60 0.4 0.4 0.3 0.4
Asig- [deq] -0.54 -0.4 -0.4 -0.3 -0.4
Amax+ [deq] 1.15 0.5 0.7 0.5 1.2
Amax- [deq] -1.17 -0.5 -0.8 -0.6 -1.0
Final trim (30 min) [deg] - - -0.7 -0.7 -0.7
Cwn1 Asig+ [m] 0.60 0.88 0.43 - 0.55
Amax+ [m] 0.90 1.02 0.68 - 0.97
[ Asig+ [m] 0.84 0.71 0.56 0.42 0.50
Amax+ [m] 1.25 1.04 0.97 0.84 1.01
[ Asig+ [m] 1.43 141 1.10 0.82 0.99
Amax+ [m] 2.51 1.91 1.48 1.22 1.68
Cwpa Asig+ [m] 2.75 2.68 2.20 1.34 1.75
Amax+ [m] 5.33 3.76 2.85 1.87 2.57
Cwps Asig+ [m] 0.98 0.97 0.73 0.63 0.64
Amax+ [m] 1.83 1.09 1.20 1.54 1.55
Cwps Asig+ [m] 0.87 1.20 0.77 0.49 0.61
Amax+ [m] 1.84 1.97 1.27 0.83 1.00
[ Asig+ [m] 1.83 2.30 1.82 1.05 1.40
Amax+ [m] 3.42 3.35 2.72 1.65 2.37
Cwps Asig+ [m] 0.96 0.78 0.87 0.88 0.89
Amax+ [m] 2.13 1.29 1.61 2.49 1.98
Cwpo Asig+ [m] 1.05 1.13 0.81 0.82 0.92
Amax+ [m] 1.95 2.29 1.34 1.48 1.65
Qupto  Asige [m] - - - - -
Amax [m] - - - - -
Cwp11 Asig+ [m] 0.78 0.99 0.52 0.39 0.47
Amax+ [m] 1.67 1.72 0.96 0.78 1.00
Cwpi2 Asig+ [m] 1.59 1.85 1.49 0.87 1.12
Amax+ [m] 3.84 2.55 2.19 1.16 1.67
Quptz  Asige [m] - - - - -
Amax [m] - - - - -
Cwp14 Asig+ [m] 1.33 1.90 1.02 0.55 0.66
Amax+ [m] 2.83 2.83 1.35 0.81 1.15
Cwpis Asig+ [m] 2.59 271 2.59 2.52 2.65
Asig- [m] -3.26 -3.38 -2.57 -2.24 -2.59
Amax+ [m] 5.01 5.04 5.06 6.33 5.10
Anmax- [m] -5.85 -4.43 -4.71 -3.98 -4.88

Table 3: Statistical Results of ship motions and wave probe measur ements



S590b /09
M@% EM SA - 200 m RoPax vessel C4
Damage Case [-] 1
Run-No. [-] 11 12 13 14 15
Survived (EU Directive) [--] NO NO NO YES NO
Comments [-]
Initial draught [m] 7.19
Initial heeling angle [deg] 2.5
Initial trim angle [deg] -0.4
Seaway spectrum [-] JONSWAP
Realisation [-] 1 2 3 1 2
Hs [m] 4.77 4.99 4.58 4.65 4.65
T, [s] 8.7 8.9 8.6 8.6 8.6
Measuring time [min] 23.2 18.1 22.2 37.3 16.4
Heave Asig [m] 2.14 2.15 1.96 2.00 2.14
Asig+ [m] 212 2.15 1.98 2.00 2.15
Asig- [m] -2.14 -2.13 -1.95 -2.01 -2.13
Amax+ [m] 3.55 3.40 4.38 3.74 3.53
Amax- [m] -3.59 -3.41 -3.95 -3.33 -3.19
Final draught (30 min) [m] - - - 7.19 -
Roll Asig upperbound  [deQ] 10.53 12.3 11.0 9.6 12.3
Asiglowerbound  [d€Q] 2.89 3.6 3.0 3.6 4.4
Amax upperbound  [d€0] 16.26 18.3 19.0 11.3 18.8
Amax lowerbound  [d€0] -0.42 0.8 -1.6 0.5 15
T [s] 10.7 11.4 10.8 10.9 11.0
Final heel (30 min) [deg] - - - 5.9 -
Pitch Asig [deg] 0.54 0.6 0.6 0.4 0.6
Asig+ [deg] 0.53 0.6 0.6 0.4 0.6
Asig- [deq] -0.55 -0.6 -0.6 -0.5 -0.6
Amax+ [deq] 1.04 1.3 1.0 1.0 1.0
Amax- [deq] -1.13 -1.1 -1.1 -1.1 -1.4
Final trim (30 min) [deg] - - - -0.7 -
Cwn1 Asig+ [m] 0.50 0.65 0.64 0.51 0.61
Amax+ [m] 0.58 1.00 1.12 0.76 0.81
[ Asig+ [m] 0.71 0.77 0.60 0.62 0.81
Amax+ [m] 1.18 1.36 0.92 0.94 1.63
[ Asig+ [m] 1.27 1.30 1.22 1.08 1.37
Amax+ [m] 2.05 1.91 2.28 1.69 2.20
Cwpa Asig+ [m] 2.34 2.73 244 1.95 2.76
Amax+ [m] 4.83 3.77 4.30 2.57 4.69
Cwps Asig+ [m] 0.85 0.81 0.97 0.78 0.97
Amax+ [m] 1.53 1.73 1.82 1.71 2.07
Cwps Asig+ [m] 0.88 1.01 0.98 0.69 1.09
Amax+ [m] 1.86 1.79 2.21 1.05 2.13
[ Asig+ [m] 191 214 1.84 1.61 2.19
Amax+ [m] 3.87 2.79 3.08 2.22 2.96
Cwps Asig+ [m] 1.13 1.02 1.10 0.98 1.10
Amax+ [m] 2.15 1.92 2.22 2.36 2.51
Cwpo Asig+ [m] 1.10 1.07 1.10 0.94 1.08
Amax+ [m] 1.76 1.85 1.82 1.55 2.09
Qupto  Asige [m] - - - - -
Amax [m] - - - - -
Cwp11 Asig+ [m] 0.71 0.76 0.71 0.54 0.88
Amax+ [m] 1.51 1.38 1.18 0.96 2.10
Cwpi2 Asig+ [m] 1.62 1.84 1.66 1.28 1.86
Amax+ [m] 3.22 2.55 2.80 1.80 2.91
Quptz  Asige [m] - - - - -
Amax [m] - - - - -
Cwp14 Asig+ [m] 1.38 1.36 1.65 0.78 1.47
Amax+ [m] 2.21 2.07 2.03 1.01 2.64
Cwpis Asig+ [m] 2.76 3.02 2.61 2.75 2.95
Asig- [m] -3.06 -3.30 -3.05 -2.62 -3.31
Amax+ [m] 5.24 5.30 6.45 6.18 5.49
Anmax- [m] -5.14 -4.37 -5.05 -4.55 -4.85

Table 3: Statistical Results of ship motions and wave probe measur ements



RIS/
EM SA - 200 m RoPax vessel C5

Damage Case [--] 4
Run-No. [-] 16 17 18 19 20
Survived (EU Directive)  [--] YES YES YES YES YES
Comments [--]
Initial draught [m] 9.87
Initial heeling angle [deg] 1.0
Initial trim angle [deg] 2.1
Seaway spectrum [--] ITTC
Realisation [--] 1 2 1 2 3
Hs [m] 3.90 3.75 4.64 4.62 4.64
T, [s] 11.8 11.6 12.3 12.2 12.3
Measuring time [min] 38.6 37.8 39.7 39.6 37.9
Heave Asig [m] 1.97 2.01 2.37 2.42 2.35
Asig+ [m] 1.98 2.02 2.43 2.46 2.34
Asig- [m] -1.96 -2.00 -2.31 -2.39 -2.34
Anax+ [m] 3.64 3.44 4.19 4.24 3.78
Anax- [m] -3.49 -3.08 -3.73 -4.41 -3.45
Final draught (30 min) [m] 9.87 10.15 10.17 10.17 10.07
Roll Asig upper bound [deg] 6.19 6.3 7.2 7.1 7.1
Asig lower bound [deg] -3.37 -35 -4.2 -4.4 -4.2
Amax upperbound  [d€0] 8.77 9.2 11.0 11.2 12.0
Anaxlowerbound  [d€g] -5.64 -6.3 -7.7 -8.5 -8.2
Tm [s] 10.0 10.0 9.9 10.0 9.9
Final heel (30 min) [deg] 1.2 1.1 1.4 1.3 1.2
Pitch Asig [deg] 0.30 0.3 0.3 0.3 0.3
Asig+ [deg] 0.31 0.4 0.3 0.3 0.3
Asig- [deg] -0.29 -0.3 -0.4 -0.4 -0.3
Anax+ [deg] 0.62 14 0.8 0.6 0.6
Anax- [deg] -0.55 -1.1 -0.7 -0.7 -0.7
Final trim (30 min) [deg] 2.1 2.0 2.0 2.0 2.1
Qoo Asigs [m] - - - - -
Amax+ [m] - - - - -
[ Asig+ [m] 0.48 0.39 0.48 0.62 0.52
Anax+ [m] 0.55 0.41 0.61 0.98 1.04
[ Asig+ [m] - - 0.49 0.57 0.49
Anax+ [m] - - 0.51 0.62 0.59
Cwpa Asig+ [m] 0.47 0.75 0.65 0.72 0.69
Anax+ [m] 0.58 0.94 1.03 1.28 1.23
Cwps Asig+ [m] 0.81 0.86 1.03 1.06 1.03
Anax+ [m] 1.42 1.60 1.54 2.15 2.21
Cwps Asig+ [m] 0.74 0.75 0.86 0.88 0.86
Anax+ [m] 0.97 1.05 1.14 1.39 1.22
[ Asig+ [m] 1.24 1.25 1.52 1.52 1.49
Anax+ [m] 1.97 2.13 2.53 3.61 3.25
Cwps Asig+ [m] 1.75 1.86 1.98 2.03 1.97
Anax+ [m] 2.32 2.38 2.50 3.05 2.50
Cwpo Asig+ [m] 1.65 1.70 1.78 1.80 1.79
Anax+ [m] 2.13 2.14 2.37 2.30 2.37
Cwp10 Asig+ [m] 3.63 3.69 4.06 3.99 3.94
Anax+ [m] 4.87 5.67 5.92 6.28 5.87
Cwp11 Asig+ [m] 2.82 2.83 2.98 2.95 2.96
Anax+ [m] 3.54 3.47 3.66 3.68 4.30
Cwpi2 Asig+ [m] 2.54 2.61 2.70 2.69 2.67
Anax+ [m] 3.12 3.04 3.17 3.32 3.17
Cwpi3 Asig+ [m] 3.25 3.33 3.60 3.56 3.60
Anax+ [m] 3.90 4.09 4.62 4.40 4.77
Cwp14 Asig+ [m] 4.04 4.08 4.17 4.16 4.13
Anax+ [m] 4.52 4.58 4.70 4.79 4.71
Cwpis Asig+ [m] 1.63 1.72 2.13 2.16 211
Asig- [m] -1.96 -2.05 -2.63 -2.63 -2.45
Anax+ [m] 2.63 2.63 3.92 4.03 3.33
Anmax- [m] -3.34 -3.92 -5.55 -5.85 -4.76

Table 6: Statistical Results of ship motions and wave probe measurements



S590b /09
M@% EM SA - 200 m RoPax vessel C6
Damage Case [--] 4
Run-No. [-] 21 22 23 24 25
Survived (EU Directive)  [--] YES YES YES YES YES
Comments [--]
Initial draught [m] 9.87
Initial heeling angle [deg] 1.0
Initial trim angle [deg] 2.1
Seaway spectrum [--] JONSWAP
Realisation [--] 1 1 2 3 4
Hs [m] 3.73 4.35 4.31 4.30 4.38
T, [s] 8.3 8.4 8.4 8.4 8.4
Measuring time [min] 37.2 385 38.4 395 38.9
Heave Asig [m] 1.74 1.76 1.88 2.01 1.95
Asig+ [m] 1.78 1.79 1.93 2.06 2.01
Asig- [m] -1.71 -1.72 -1.84 -1.96 -1.90
Anax+ [m] 3.45 3.53 3.21 3.61 3.77
Anax- [m] -2.91 -3.47 -2.99 -3.19 -3.79
Final draught (30 min) [m] 9.87 9.87 9.87 9.87 9.87
Roll Asig upper bound [deg] 6.35 6.3 6.6 7.0 6.7
Asig lower bound [deg] -3.03 -3.3 -3.4 -3.6 -3.7
Amax upperbound  [d€0] 9.03 9.6 9.8 10.9 9.7
Anaxlowerbound  [d€g] -6.20 -7.9 -7.2 -8.0 -8.9
Tm [s] 9.0 9.3 9.2 9.0 9.1
Final heel (30 min) [deg] 1.7 1.1 1.2 1.4 1.6
Pitch Asig [deg] 0.38 0.4 0.3 0.4 0.4
Asig+ [deg] 0.35 0.4 0.3 0.4 0.4
Asig- [deg] -0.40 -0.4 -0.3 -0.4 -0.4
Anax+ [deg] 0.75 0.8 0.7 0.9 0.9
Anax- [deg] -0.76 -0.9 -0.7 -1.1 -1.0
Final trim (30 min) [deg] 2.1 2.2 2.2 2.2 2.2
Qoo Asigs [m] - - - - -
Amax+ [m] - - - - -
[ Asig+ [m] 0.69 0.96 0.84 0.76 0.85
Anax+ [m] 0.82 1.67 1.31 1.29 1.14
[ Asig+ [m] 0.60 0.70 0.64 0.62 0.66
Anax+ [m] 0.70 0.96 0.76 1.18 1.12
Cwpa Asig+ [m] 1.00 1.22 1.24 1.02 1.13
Anax+ [m] 1.62 1.97 1.93 1.56 1.93
Cwps Asig+ [m] 0.96 0.98 1.09 1.07 1.16
Anax+ [m] 1.98 1.78 2.09 1.82 2.03
Cwps Asig+ [m] 0.95 0.96 0.98 1.01 1.03
Anax+ [m] 1.25 1.36 1.41 1.33 1.50
[ Asig+ [m] 1.62 1.73 1.83 1.83 1.87
Anax+ [m] 2.84 4.10 4.34 5.53 5.88
Cwps Asig+ [m] 1.98 2.06 2.06 2.12 2.16
Anax+ [m] 2.60 2.54 2.74 2.57 2.78
Cwpo Asig+ [m] 1.79 1.88 1.89 191 1.94
Anax+ [m] 2.23 2.56 2.38 2.59 2.44
Cwp10 Asig+ [m] 3.98 4.33 4.37 4.43 4.64
Anax+ [m] 6.29 8.76 7.40 8.08 9.31
Cwp11 Asig+ [m] 2.72 2.89 2.87 2.84 2.96
Anax+ [m] 3.25 3.72 3.47 3.64 3.89
Cwpi2 Asig+ [m] 2.76 2.77 2.78 2.83 2.86
Anax+ [m] 3.37 3.29 3.40 3.54 3.39
Cwpi3 Asig+ [m] 3.49 3.60 3.60 3.74 3.83
Anax+ [m] 4.53 4.62 4.78 4.96 4.93
Cwp14 Asig+ [m] 4.08 4.15 4.12 4.13 4.18
Anax+ [m] 4.61 4.72 4.75 4.57 4.89
Cwpis Asig+ [m] 241 2.35 1.42 1.48 1.48
Asig- [m] -2.81 -2.87 -1.88 -2.05 -2.07
Anax+ [m] 3.79 4.27 2.66 2.87 2.83
Anmax- [m] -5.87 -7.69 -4.37 -4.84 -5.11

Table 6: Statistical Results of ship motions and wave probe measur ements



RIS/
EM SA - 200 m RoPax vessel C7

Damage Case [--] 4
Run-No. [-] 26 27 28 29 30
Survived (EU Directive)  [--] YES YES YES YES YES
Comments [--]
Initial draught [m] 9.87 9.87
Initial heeling angle [deg] 1.0 1.0
Initial trim angle [deg] 2.1 1.4
Seaway spectrum [--] JONSWAP
Realisation [--] 1 1 1 1 1
Hs [m] 6.50 6.69 4.39 5.60 6.64
T, [s] 10.2 11.1 8.5 10.3 11.1
Measuring time [min] 33.2 37.8 38.3 39.0 39.0
Heave Asig [m] 2.94 3.31 1.76 2.73 3.32
Asig+ [m] 3.02 3.37 1.79 2.78 3.39
Asig- [m] -2.88 -3.21 -1.72 -2.66 -3.23
Anax+ [m] 4.33 6.74 3.60 5.06 7.03
Anax- [m] -4.37 -5.40 -3.31 -3.91 -5.86
Final draught (30 min) [m] 9.87 9.87 10.27 10.23 10.37
Roll Asig upper bound [deg] 7.43 8.1 6.7 9.0 9.4
Asig lower bound [deg] -5.00 -5.6 -3.2 -5.2 -6.0
Amax upperbound  [d€0] 11.44 13.6 11.0 12.4 15.5
Anaxlowerbound  [d€g] -8.94 -12.6 -8.9 -9.3 -15.7
Tm [s] 9.9 10.0 9.7 10.2 10.8
Final heel (30 min) [deg] 1.0 1.1 1.6 1.3 1.4
Pitch Asig [deg] 0.70 0.5 0.6 0.6 0.7
Asig+ [deg] 0.69 0.5 0.6 0.6 0.7
Asig- [deg] -0.71 -0.5 -0.6 -0.6 -0.7
Anax+ [deg] 1.20 12 1.2 11 1.4
Anax- [deg] -1.15 -1.4 -1.3 -1.2 -1.6
Final trim (30 min) [deg] 2.2 2.2 15 1.6 1.7
Cwn1 Asig+ [m] - 0.45 0.43 0.51 0.67
Anax+ [m] - 0.59 0.55 0.73 1.00
[ Asig+ [m] 1.02 1.04 0.93 1.02 1.25
Anax+ [m] 1.89 1.86 1.37 1.84 2.71
[ Asig+ [m] 0.73 0.91 0.68 0.87 0.96
Anax+ [m] 1.35 1.92 1.44 1.76 2.21
Cwpa Asig+ [m] 1.14 0.94 1.16 1.50 1.35
Anax+ [m] 1.88 1.44 1.79 2.10 2.25
Cwps Asig+ [m] 1.47 1.37 0.88 1.23 1.31
Anax+ [m] 2,51 2.25 1.49 2.03 2.27
Cwps Asig+ [m] 111 1.08 0.80 1.01 1.01
Anax+ [m] 1.55 1.73 1.17 1.36 1.63
[ Asig+ [m] 2.49 2.45 1.69 2.51 2.54
Anax+ [m] 4.97 6.21 4.42 4.74 5.51
Cwps Asig+ [m] 2.28 2.27 1.28 1.68 1.76
Anax+ [m] 3.01 3.18 2.01 2.46 2.70
Cwpo Asig+ [m] 2.03 1.97 1.35 1.63 1.58
Anax+ [m] 2.40 2.53 1.77 2.35 2.10
Cwp10 Asig+ [m] 5.48 5.36 3.05 4.83 4.80
Anax+ [m] 8.41 8.66 6.93 7.03 9.34
Cwp11 Asig+ [m] 3.27 3.28 1.74 2.18 2.26
Anax+ [m] 3.83 4.02 2.35 2.99 3.11
Cwpi2 Asig+ [m] 291 2.89 1.92 2.12 2.13
Anax+ [m] 3.50 3.61 2.84 2.54 2.62
Cwpi3 Asig+ [m] 4.25 4.24 2.61 3.67 3.70
Anax+ [m] 5.23 5.82 3.47 4.73 6.27
Cwp14 Asig+ [m] 4.41 4.34 2.81 3.13 3.14
Anax+ [m] 5.04 4.94 3.35 3.66 3.75
Cwpis Asig+ [m] 1.47 1.94 2.82 3.17 3.14
Asig- [m] -2.30 -2.86 -3.31 -4.01 -4.34
Anax+ [m] 2.67 3.20 5.51 5.42 5.54
Anmax- [m] -4.67 -6.52 -6.98 -6.41 -8.77

Table 6: Statistical Results of ship motions and wave probe measur ements



S590b /09
M@% EM SA - 200 m RoPax vessel C8
Damage Case [--] 4
Run-No. [-] 31 32 33 34 35
Survived (EU Directive)  [--] NO NO NO NO NO
Comments [--]
Initial draught [m] 9.87
Initial heeling angle [deg] -4.0
Initial trim angle [deg] 1.4
Seaway spectrum [--] JONSWAP
Realisation [--] 1 1 2 3 4
Hs [m] 4.21 3.91 3.70 3.68 3.78
T, [s] 8.3 8.3 8.3 8.3 8.3
Measuring time [min] 17.8 355 38.9 39.0 39.0
Heave Asig [m] 211 1.77 1.79 1.72 1.80
Asig+ [m] 211 1.80 1.81 1.73 1.81
Asig- [m] -2.08 -1.75 -1.76 -1.72 -1.78
Anax+ [m] 3.99 3.15 3.54 3.16 3.12
Anax- [m] -3.61 -2.98 -3.64 -3.63 -2.93
Final draught (30 min) [m] - - - - -
Roll Asig upper bound [deg] -5.63 -9.8 -10.5 -10.9 -10.7
Asig lower bound [deg] -22.57 -22.3 -23.4 -23.5 -22.7
Amax upperbound  [d€0] 3.45 0.0 0.2 1.0 1.7
Anaxlowerbound  [d€g] -25.55 -24.7 -27.4 -26.1 -25.8
Tm [s] 9.1 8.6 9.0 8.8 8.7
Final heel (30 min) [deg] - - - - -
Pitch Asig [deg] 0.47 0.4 0.4 0.4 0.5
Asig+ [deg] 0.41 0.2 0.2 0.4 0.5
Asig- [deg] -0.50 -0.4 -0.4 -0.5 -0.5
Anax+ [deg] 1.03 0.4 0.5 1.3 1.4
Anax- [deg] -0.71 -0.6 -0.6 -0.7 -0.7
Final trim (30 min) [deg] - - - - -
Qoo Asigs [m] - - - - -
Amax+ [m] - - - - -
[ Asig+ [m] 1.33 1.12 1.16 1.20 1.14
Anax+ [m] 2.43 2.00 2.64 1.91 1.84
[ Asig+ [m] 0.62 - - 0.85 0.52
Anax+ [m] 0.63 - - 0.97 0.60
Qupe Asigs [m] - - - - -
Amax+ [m] - - - - -
Cwps Asig+ [m] 2.57 2.57 2.61 2.60 2.54
Anax+ [m] 2.97 3.18 3.26 2.92 2.85
Cwps Asig+ [m] 1.03 0.84 0.85 0.87 0.84
Anax+ [m] 1.57 1.29 1.50 2.03 1.21
[ Asig+ [m] 0.88 - - 1.37 0.18
Anax+ [m] 1.50 - - 1.78 0.20
Cwps Asig+ [m] 3.35 3.22 3.15 3.22 3.16
Anax+ [m] 4.77 4.31 4.12 4.21 4.43
Cwpo Asig+ [m] 1.36 1.26 1.28 131 1.22
Anax+ [m] 1.71 1.77 1.82 1.96 1.66
Cwp10 Asig+ [m] 3.24 1.39 2.29 2.93 1.78
Anax+ [m] 4.68 2.44 3.71 6.92 3.21
Cwp11 Asig+ [m] 3.65 3.50 3.56 3.56 3.46
Anax+ [m] 4.19 4.11 4.22 4.01 4.11
Cwpi2 Asig+ [m] 1.80 1.69 1.64 1.64 1.56
Anax+ [m] 2.44 2.46 2.53 2.49 2.18
Cwpi3 Asig+ [m] 1.07 0.68 0.87 0.83 0.95
Anax+ [m] 1.38 1.21 1.27 141 1.20
Cwp14 Asig+ [m] 2.68 2.46 2.46 2.41 2.35
Anax+ [m] 3.54 3.24 3.46 3.44 3.14
Cwpis Asig+ [m] 4.75 3.50 3.56 3.55 3.66
Asig- [m] -4.97 -4.16 -4.17 -4.11 -4.04
Anax+ [m] 8.35 6.92 8.43 8.68 7.41
Anmax- [m] -5.80 -5.31 -4.93 -4.77 -5.06

Table 6: Statistical Results of ship motions and wave probe measur ements
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Annex D

Seaway Spectra

The positions of the wave probes related to the
sea spectra are shown in Figure 2
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Run-No.:] 1 Run-No.:] 1
Hs(t) =4.00m Tp(t)=12s y=10 Hs(t) =4.00m Tp(t)=12s y=1.0
Hs(a) =4.15m Hs(a) =3.97m
Hs(a)/Hs(t) =1.04 Hs(a)/Hs(t) =0.99
Seaway spectrum at the model Seaway spectrum at the wave maker
4 47
Actual Actual
85 —— Theoretical 3] — Theoratical
3
251 5
— = 21
£ 27 E
3 15 3
% 15 o 14
1
0.5 0 ; ; ‘
0 ‘ ‘ , 05 1 1.5
05! 0.5 1 15 4l
w [rad/s] w [rad/s]
Run-No.:| 2 Run-No.:| 2
Hs(t) =4.00m Tp(t)=12s y=10 Hs(t) =4.00m Tp(t)=12s y=10
Hs(a) =3.99m Hs(a) =4.01m
Hs(a)/Hs(t) =1.00 Hs(a)/Hs(t) =1.00
Seaway spectrum at the model Seaway spectrum at the wave maker
4
4 -
Actual a5 Actual .
3.5 Theoretical — Theoretical
3 31
25 | 25
3 15 3 154
s 7]
1 19
0.5 7 0.5 -
0 T T . 0 T T 1
05 0.5 1 1.5 058 0.5 1 1.5
w [rad/s] w[rad/s]
Run—No.:| 3 Run—No.:| 3
Hs(t) =4.00m Tp(t)=12s y=10 Hs(t) =4.00m Tp(t)=12s y=1.0
Hs(a) =3.93m Hs(a) =4.02m
Hs(a)/Hs(t) =0.98 Hs(a)/Hs(t) =1.01
Seaway spectrum at the model Seaway spectrum at the wave maker
4 -
4 .
Actual a5 | Actual .
351 —— Theoretical —— Theoretical
3 31
251 2.5 A
3 151 3 154
s 7]
1 19
0.57 0.5 A
0 T T | 0 T T 1
05} 0.5 1 1.5 05 0.5 1 15
w [rad/s] w [rad/s]

Hs(a): actual significant wave height
Hs(t): theoretical significant wave height
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Run-No.: 4 Run—No.:| 4
Hs(t) =4.00m Tp(t)=12s y=10 Hs(t) =4.00m Tp(t)=12s y=1.0
Hs(a) =4.03m Hs(a) =4.03m
Hs(a)/Hs(t) =1.01 Hs(a)/Hs(t) =1.01
Seaway spectrum at the model Seaway spectrum at the wave maker
. 41
4 Actual a5 | Actual
3.5 Theoretical . — Theoretical
3 31
251 2.5 A
3 151 3 151
s 7]
1 19
0.57 0.5 A
0 T T | 0 T T |
05! 0.5 1 1.5 05 0.5 1 15
w [rad/s] w [rad/s]
Run-No.:| 5 Run-No.:| 5
Hs(t) =4.60m Tp(t)=12s y=10 Hs(t) =4.60m Tp()=12s y=10
Hs(a) =475m Hs(a) =4.46m
Hs(a)/Hs(t) =1.03 Hs(a)/Hs(t) =0.97
Seaway spectrum at the model Seaway spectrum at the wave maker
B 59
5 Actual Actual
44 — Theoretical 44 — Theoretical
3 37
7 (6
E,] £ 2
3° 3
g n
1 14
0 T T T —_— r © T T " .
0.5 1 15 2 0.5 0.5 1 1.5 2
_l - _l d
w [rad/s] w [rad/s]
Run—No.:| 6 Run—No.:| 6
Hs(t) =4.60m Tp(t)=12s y=10 Hs(t) =4.60m Tp(t)=12s y=1.0
Hs(a) =5.07m Hs(a) =4.87m
Hs(a)/Hs(t) =1.10 Hs(a)/Hs(t) =1.06
Seaway spectrum at the model Seaway spectrum at the wave maker
B 67
6 Actual Actual
51 —— Theoretical 51 — Theoretical
4 4
— o 4
g3 £°
3 3,
5 2] 2
1A 19
0 T T 7 1 0 T T T 1
0.5 1 1.5 2 0.5 1 1.5 2
-1+ -1+
w [rad/s] w [rad/s]

Hs(a): actual significant wave height
Hs(t): theoretical significant wave height
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Run-No.: 7 Run—No.:| 7
Hs(t) =4.60m Tp(t)=12s y=10 Hs(t) =4.60m Tp(t)=12s y=1.0
Hs(a) =4.65m Hs(a) =4.32m
Hs(a)/Hs(t) =1.01 Hs(a)/Hs(t) =0.94
Seaway spectrum at the model Seaway spectrum at the wave maker
. 41
4 Actual a5 Actual
351 —— Theoretical ) ——Theoretical
3 31
251 2.5 A
3 151 3 151
s 7]
14 14
0.57 0.5 -
0 T T ; 1 r © T T T |
05! 0.5 1 1.5 2 -0.5 053 0.5 1 15 2
w [rad/s] w [rad/s]
Run-No.:| 8 Run-No.:| 8
Hs(t) =4.00m Tp(t)=8s y=33 Hs(t) =4.00m Tp(t)=8s y=33
Hs(a) =4.00m Hs(a) =3.81m
Hs(a)/Hs(t) =1.00 Hs(a)/Hs(t) =0.95
Seaway spectrum at the model Seaway spectrum at the wave maker
45 - 45 -
Al Actual 4] Actual .
—— Theoretical —— Theoretical
35 4 3.5
31 3
& 2.5 7 2.5 A
£ 2 s 2
3 3
% 154 n 154
14 14
0.5 1 0.5
0 0 f T 1
05 059 05 1 15
w [rad/s] w [rad/s]
Run—No.:| 9 Run—No.:| 9
Hs(t) =4.00m Tp(t)=8s y=33 Hs(t) =4.00m Tp(t)=8s y=33
Hs(a) =3.76 m Hs(a) =3.73m
Hs(a)/Hs(t) =0.94 Hs(a)/Hs(t) =0.93
Seaway spectrum at the model Seaway spectrum at the wave maker
45 - 4.5 4
4 1 Actual 4 Actual .
—— Theoretical —— Theoretical
3.5 3.5 A
31 37
& 251 v 2.5 A
£ 2] S 2
3 3
»n 1.5 » 151
14 19
0.57 0.5 A
0 f T ] 0 T T T T T 1
05§ 0.5 1 1.5 05 ¢ 0.2 0.4 0.6 0.8 1 1.2
w [rad/s] w [rad/s]

Hs(a): actual significant wave height
Hs(t): theoretical significant wave height
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Run—No.:| 10 Run—No.:| 10
Hs(t) =450m Tp(t)=8s y=33 Hs(t) =450m Tp(t)=8s y=33
Hs(a) =435m Hs(a) =451m
Hs(a)/Hs(t) =0.97 Hs(a)/Hs(t) =1.00
Seaway spectrum at the model Seaway spectrum at the wave maker
6 -
67 Actual Actual
51 —— Theoretical 51 — Theoretical
4 47
— 7 a
£° £°
3 3,
3 2 5 2
1A 19
0 f T 1 0 f T |
0.5 1 1.5 0.5 1 15
-1- -1-
w [rad/s] w [rad/s]
Run-No.:| 11 Run-No.:| 11
Hs(t) =5.00m Tp(t)=8s y=33 Hs(t) =5.00m Tp(t)=8s y=33
Hs(a) =461lm Hs(a) =4.77m
Hs(a)/Hs(t) =0.92 Hs(a)/Hs(t) =0.95
Seaway spectrum at the model Seaway spectrum at the wave maker
B 77
7 Actual Actual
61 —— Theoretical 61 —— Theoretical
5 51
7 4 & 1
.Ng‘ B .g. 3 4
3° 3
@, @ 2
1 A 14
0 f T ] 0 ]
0.5 1 1.5 1.5
_l - _l d
w [rad/s] w [rad/s]
Run—No.:| 12 Run—No.:| 12
Hs(t) =5.00m Tp(t)=8s y=33 Hs(t) =5.00m Tp(t)=8s y=33
Hs(a) =4.66m Hs(a) =4.99m
Hs(a)/Hs(t) =0.93 Hs(a)/Hs(t) =1.00
Seaway spectrum at the model Seaway spectrum at the wave maker
8 -
87 Actual Actual
74 — Theoretical I —— Theoretical
6 - 61
5 57
o o
3 3 3 34
s 7]
2 29
14 14
0 T T 7 \ 0 f T T 1
B 0.5 1 1.5 2 2§ 0.5 1 1.5 2
w [rad/s] w [rad/s]

Hs(a): actual significant wave height
Hs(t): theoretical significant wave height
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Run—No.:| 13 Run—No.:| 13
Hs(t) =5.00m Tp(t)=8s y=33 Hs(t) =5.00m Tp(t)=8s y=33
Hs(a) =421lm Hs(a) =4.58m
Hs(a)/Hs(t) =0.84 Hs(a)/Hs(t) =0.92
Seaway spectrum at the model Seaway spectrum at the wave maker
7 -
7 Actual Reihel
6 4 .
61 — Theoretical Reihe2
5 1 57
7 4 & 1
£ E 5l
3° 2
& gl a5 |
1 14
0 f T ] 0 1 T |
0.5 1 1.5 0.5 1 15
-1- -1-
w [rad/s] w [rad/s]
Run-No.:| 14 Run-No.:| 14
Hs(t) =470m Tp(t)=8s y=33 Hs(t) =470m Tp(t)=8s y=33
Hs(a) =452m Hs(a) =4.65m
Hs(a)/Hs(t) =0.96 Hs(a)/Hs(t) =0.99
Seaway spectrum at the model Seaway spectrum at the wave maker
B 77
7 Actual Actual
61 —— Theoretical 61 —— Theoretical
5 1 5
7 4 9 1
E 5] E 4]
3° 3
@, @ 2
1 A 14
0 1 T 1 0 f
0.5 1 1.5 0.5 1 1.5
_l - _l d
w [rad/s] w [rad/s]
Run—No.:| 15 Run—No.:| 15
Hs(t) =470 m Tp(t)=8s y=33 Hs(t) =470 m Tp(t)=8s y=33
Hs(a) =478 m Hs(a) =4.65m
Hs(a)/Hs(t) =1.02 Hs(a)/Hs(t) =0.99
Seaway spectrum at the model Seaway spectrum at the wave maker
6 -
67 Actual Actual
51 — Theoretical 51 — Theoretical
4 4
— o 4
3 3,
% 2 32
1A 19
0 T T T ' 0 f T T 1
0.5 1 1.5 2 0.5 1 1.5 2
-1+ -1+
w [rad/s] w [rad/s]
Hs(a): actual significant wave height

Hs(t): theoretical significant wave height
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Run—No.:| 16 Run—No.:| 16
Hs(t) =4.00m Tp(t)=12s y=10 Hs(t) =4.00m Tp(t)=12s y=1.0
Hs(a) =4.05m Hs(a) =3.90m
Hs(a)/Hs(t) =1.01 Hs(a)/Hs(t) =0.98
Seaway spectrum at the model Seaway spectrum at the wave maker
a5 - 3.5 -
' Actual Actual
37 —— Theoretical 3 — Theoretical
25 254
% 2] & 1
£ ] £ 15
3" 3
a4 @ g
0.5 A 0.5 4
0 0 T T |
0.5 1 15
-0.5 - -0.5 -
w [rad/s] w [rad/s]
Run-No.:| 17 Run-No.:| 17
Hs(t) =4.00m Tp(t)=12s y=10 Hs(t) =4.00m Tp()=12s y=10
Hs(a) =3.84m Hs(a) =3.75m
Hs(a)/Hs(t) =0.96 Hs(a)/Hs(t) =0.94
Seaway spectrum at the model Seaway spectrum at the wave maker
35 - 3.5
’ Actual Actual
3 —— Theoretical 37 — Theoretical
2.5 2.5 A
7 2] & 21
- E 15
3" 3
@ g RO
0.5 7 0.5 -
0 T T ] 0 T T T T T 1
0.5 1 1.5 0.2 0.4 0.6 0.8 1 1.2
-0.5 4 -0.5 -
w [rad/s] w [rad/s]
Run—No.:| 18 Run—No.:| 18
Hs(t) =4.60m Tp(t)=12s y=10 Hs(t) =4.60m Tp(t)=12s y=1.0
Hs(a) =4.68m Hs(a) =4.64m
Hs(a)/Hs(t) =1.02 Hs(a)/Hs(t) =1.01
Seaway spectrum at the model Seaway spectrum at the wave maker
5 -
5 .
4.5 1 Actual 4.5 Actual .
4l —— Theoretical 44 —— Theoretical
35 3.5
31 — 37
— )
E 2.5 NE‘ 2.5 A
3 29 3 2
@ 1.5 @ 1.5+
14 14
0.5 7 0.5 -
0 T T ] 0 T T |
0.5 & 0.5 1 15 05 ¢ 05 1 1.5
w [rad/s] w [rad/s]
Hs(a): actual significant wave height

Hs(t): theoretical significant wave height
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Run—No.:| 19 Run—No.:| 19
Hs(t) =4.60m Tp(t)=12s y=10 Hs(t) =4.60m Tp(t)=12s y=1.0
Hs(a) =458m Hs(a) =4.62m
Hs(a)/Hs(t) =1.00 Hs(a)/Hs(t) =1.00
Seaway spectrum at the model Seaway spectrum at the wave maker
5 -
5 .
45 Actual 4.5 Actual .
4l —— Theoretical 4 —— Theoretical
35 3.5
3 — 37
— )
‘!‘é’ 2.5 NE‘ 2.5 A
3 29 3 2
@ 1.5 @ 1.5+
14 14
0.5 7 0.5 -
0 T T ] 0 T T Y
0.5 & 0.5 1 15 05 ¢ 05 1 1.5
w [rad/s] w [rad/s]
Run-No.:| 20 Run-No.:| 20
Hs(t) =4.60m Tp(t)=12s y=10 Hs(t) =4.60m Tp(t)=12s y=10
Hs(a) =4.60m Hs(a) =4.64m
Hs(a)/Hs(t) =1.00 Hs(a)/Hs(t) =1.01
Seaway spectrum at the model Seaway spectrum at the wave maker
5 -
5 -
45 ] Actual Actual -
4 —— Theoretical 4 — Theoretical
3.5
3 4
31 —
o &L
E 251 E 5]
3 2 3
g n
15 4 14
1
0.5 4 0 T T |
0 T T ] 0.5 1 1.5
0.5 0.5 1 1.5 B
w [rad/s] w [rad/s]
Run—No.:| 21 Run—No.:| 21
Hs(t) =4.00m Tp(t)=8s y=33 Hs(t) =4.00m Tp(t)=8s y=33
Hs(a) =3.71m Hs(a) =3.73m
Hs(a)/Hs(t) =0.93 Hs(a)/Hs(t) =0.93
Seaway spectrum at the model Seaway spectrum at the wave maker
45 - 45 4
4 1 Actual 4 Actual .
—— Theoretical —— Theoretical
3.5 3.5 A
31 37
& 251 v 2.5 A
£ E L]
3 3
»n 1.5 » 151
14 19
0.57 0.5 A
0 f T ] 0 T " T T T 1
05§ 0.5 1 1.5 05 ¢ 0.2 0.4 0.6 0.8 1 1.2
w [rad/s] w [rad/s]

Hs(a): actual significant wave height
Hs(t): theoretical significant wave height
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Run—No.:| 22 Run—No.:| 22
Hs(t) =450m Tp(t)=8s y=33 Hs(t) =450m Tp(t)=8s y=33
Hs(a) =432m Hs(a) =4.35m
Hs(a)/Hs(t) =0.96 Hs(a)/Hs(t) =0.97
Seaway spectrum at the model Seaway spectrum at the wave maker
6 -
67 Actual Actual
51 — Theoretical 51 — Theoretical
4 47
— o 4
£° £°
3 3,
5 2] 2
1A 19
0 f T ] 0 f T |
0.5 1 1.5 0.5 1 15
-1 -1
w [rad/s] w [rad/s]
Run-No.:| 23 Run-No.:| 23
Hs(t) =450m Tp(t)=8s y=33 Hs(t) =450m Tp(t)=8s y=33
Hs(a) =414 m Hs(a) =431m
Hs(a)/Hs(t) =0.92 Hs(a)/Hs(t) =0.96
Seaway spectrum at the model Seaway spectrum at the wave maker
B 61
6 Actual Actual
51 — Theoretical 51 — Theoretical
4 41
I o i
£° £°
3 3,
5 2] » 2
1 14
0 7 T ] 0 T T T . T .
0.5 1 1.5 0.2 0.4 0.6 0.8 1 1.2
_l - _l d
w [rad/s] w [rad/s]
Run—No.:| 24 Run—No.:| 24
Hs(t) =450m Tp(t)=8s y=33 Hs(t) =450m Tp(t)=8s y=33
Hs(a) =420m Hs(a) =4.30m
Hs(a)/Hs(t) =0.93 Hs(a)/Hs(t) =0.95
Seaway spectrum at the model Seaway spectrum at the wave maker
6 -
67 Actual Actual
5 —— Theoretical 51 — Theoretical
4 4
— o 4
3 3,
5 2] 2
1A 19
0 y T ] 0 T T T T T 1
0.5 1 1.5 0.2 0.4 0.6 0.8 1 1.2
-1 -1
w [rad/s] w [rad/s]
Hs(a): actual significant wave height

Hs(t): theoretical significant wave height
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Run—No.:| 25 Run—No.:| 25
Hs(t) =450m Tp(t)=8s y=33 Hs(t) =450m Tp(t)=8s y=33
Hs(a) =426m Hs(a) =4.38m
Hs(a)/Hs(t) =0.95 Hs(a)/Hs(t) =0.97
Seaway spectrum at the model Seaway spectrum at the wave maker
B 67
6 Actual Actual
51 — Theoretical 51 — Theoretical
4 47
— o 4
g3 £°
3 3,
5 2] 2
1A 19
0 f T ] 0 T T T T T |
0.5 1 1.5 0.2 0.4 0.6 0.8 1 1.2
-1 -1
w [rad/s] w [rad/s]
Run-No.:| 26 Run-No.:| 26
Hs(t) =580m Tp(t)=10s y=33 Hs(t) =5.80m Tp(t)=10s y=33
Hs(a) =6.03m Hs(a) =0.00m
Hs(a)/Hs(t) =1.04 Hs(a)/Hs(t) =0.00
Seaway spectrum at the model Seaway spectrum at the wave maker
12 - 127
Actual Actual
10 A —— Theoretical 11 ——— Theoretical
8 0.8 1
Q
& 6 E
£ 2 0.6 7 No measurements!
3 41 722
w4 0.4
2 4
0.2 4
0 T T |
0.5 1 1.5 0 T T T T T !
-2 - 0 0.2 0.4 0.6 0.8 1 12
w [rad/s] w [rad/s]
Run—No.:| 27 Run—No.:| 27
Hs(t) =6.80m Tp(t)=11ls y=33 Hs(t) =6.80m Tp(t)=11s y=33
Hs(a) =6.57m Hs(a) =6.69m
Hs(a)/Hs(t) =0.97 Hs(a)/Hs(t) =0.98
Seaway spectrum at the model Seaway spectrum at the wave maker
18 - 18 4
| Actual 16 4 Actual .
—— Theoretical ——Theoretical
14 - 14 A
12 127
= 10 1 7 10
£ g —SCE
3 3
26 » 6
4 4 4 4
2 24
0 T T 1 0 T T 1
Py 0.5 1 15 P 0.5 1 15
w [rad/s] w [rad/s]

Hs(a): actual significant wave height
Hs(t): theoretical significant wave height
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Run—No.:| 28 Run—No.:| 28
Hs(t) =450m Tp(t)=8s y=33 Hs(t) =450m Tp(t)=8s y=33
Hs(a) =4.40m Hs(a) =4.39m
Hs(a)/Hs(t) =0.98 Hs(a)/Hs(t) =0.98
Seaway spectrum at the model Seaway spectrum at the wave maker
6 -
67 Actual Actual
51 — Theoretical 51 — Theoretical
4 47
— o 4
£° £°
3 3,
5 2] 2
1A 19
0 f T ] 0 f T
0.5 1 1.5 0.5 1 15
-1 -1
w [rad/s] w [rad/s]
Run-No.:| 29 Run-No.:| 29
Hs(t) =580m Tp(t)=12s y=33 Hs(t) =5.80m Tp(t)=12s y=33
Hs(a) =6.08 m Hs(a) =5.60m
Hs(a)/Hs(t) =1.05 Hs(a)/Hs(t) =0.96
Seaway spectrum at the model Seaway spectrum at the wave maker
12 - 12
Actual Actual
10 4 — Theoretical 10 1 — Theoretical
8 | 81
I o i
£° £°
= 3 4
5 4 w4
24 24
0 T T 1 0 T g T . T .
0.5 1 1.5 0.2 0.4 0.6 0.8 1 1.2
_2 - _2 d
w [rad/s] w [rad/s]
Run—No.:| 30 Run—No.:| 30
Hs(t) =6.80m Tp(t)=11ls y=33 Hs(t) =6.80m Tp(t)=11s y=33
Hs(a) =6.88m Hs(a) =6.64m
Hs(a)/Hs(t) =1.01 Hs(a)/Hs(t) =0.98
Seaway spectrum at the model Seaway spectrum at the wave maker
18 - 18 -
Actual 16 4 Actual
161 —— Theoretical ——Theoretical
14 - 14 A
12 127
= 10 1 7 10
£ g —SCE
3 3
26 » 6
4 4 4 4
2 24
0 T T 1 0 T T 1
Py 0.5 1 15 P 0.5 1 15
w [rad/s] w [rad/s]
Hs(a): actual significant wave height

Hs(t): theoretical significant wave height
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Run—No.:| 31 Run—No.:| 31
Hs(t) =450m Tp(t)=8s y=33 Hs(t) =450m Tp(t)=8s y=33
Hs(a) =420m Hs(a) =421m
Hs(a)/Hs(t) =0.93 Hs(a)/Hs(t) =0.94
Seaway spectrum at the model Seaway spectrum at the wave maker
6 -
67 Actual Actual
51 — Theoretical 51 — Theoretical
4 47
& 7 3
£° £°
3 3,
3 2 5 2
1A 19
0 T T 7 al 0 f T T |
0.5 1 1.5 2 0.5 1 1.5 2
-1 -1
w [rad/s] w [rad/s]
Run-No.:| 32 Run-No.:| 32
Hs(t) =3.90m Tp(t)=8s y=33 Hs(t) =3.90m Tp(t)=8s y=33
Hs(a) =4.03m Hs(a) =391m
Hs(a)/Hs(t) =1.03 Hs(a)/Hs(t) =1.00
Seaway spectrum at the model Seaway spectrum at the wave maker
i 61
° Actual Actual
5 —— Theoretical 57 —— Theoretical
4 41
& 7 3
£° £°
3 3,
5 2] » 2
1 14
0 1 T ] 0 T . .
0.5 1 1.5 0.5 1 1.5
_l - _l d
w [rad/s] w [rad/s]
Run—No.:| 33 Run—No.:| 33
Hs(t) =3.90m Tp(t)=8s y=33 Hs(t) =3.90m Tp(t)=8s y=33
Hs(a) =3.92m Hs(a) =3.70m
Hs(a)/Hs(t) =1.01 Hs(a)/Hs(t) =0.95
Seaway spectrum at the model Seaway spectrum at the wave maker
4 -
] Actual Actual
3.5 Theoretical 351 —— Theoretical
3 31
251 2.5 A
o o
3 151 3 151
s 7]
1 19
0.57 0.5 A
0 f T 7 | 0 f T T l
05} 0.5 1 1.5 2 05 0.5 1 1.5 2
w [rad/s] w [rad/s]
Hs(a): actual significant wave height

Hs(t): theoretical significant wave height
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Run—No.:| 34 Run—No.:| 34
Hs(t) =3.90m Tp(t)=8s y=33 Hs(t) =3.90m Tp(t)=8s y=33
Hs(a) =3.77Tm Hs(a) =3.68m
Hs(a)/Hs(t) =0.97 Hs(a)/Hs(t) =0.94
Seaway spectrum at the model Seaway spectrum at the wave maker
. 41
4 Actual a5 Actual
351 —— Theoretical ’ —— Theoretical
3 31
251 2.5 A
3 151 3 154
s 7]
1 19
0.57 0.5 A
0 f T 7 . 0 f T T \
05! 0.5 1 1.5 2 05 0.5 1 1.5 2
w [rad/s] w [rad/s]
Run-No.:| 35 Run-No.:| 35
Hs(t) =3.90m Tp(t)=8s y=33 Hs(t) =3.90m Tp(t)=8s y=33
Hs(a) =3.88m Hs(a) =3.78m
Hs(a)/Hs(t) =0.99 Hs(a)/Hs(t) =0.97
Seaway spectrum at the model Seaway spectrum at the wave maker
. 47
4 Actual 35 Actual
85 —— Theoretical ’ —— Theoretical
3 37
25 | 25
3 151 3 151
g n
1+ 14
0.5 1 0.5
0 f T T 1 0 ; T T .
05 0.5 1 1.5 2 053 0.5 1 1.5 2
w [rad/s] w [rad/s]

Hs(a): actual significant wave height
Hs(t): theoretical significant wave height
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General Information
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E.1 Test Facilities

All seakeeping tests are performed in the largartguank of the HSVA, which measures
300 x 18 x 5.6 m in length, width and water depth.

The towing tank is equipped with a hydraulicallyeogted double flap wave generator at
one end of the tank. The wave generator extendstbgdull width of the model basin. At
the other end a beach absorbs the waves. Reguleasveand irregular long-crested seas
according to several spectral shapes can be skdul&ignificant wave heights up to
0.45 m with a belonging modal wave period of 2.2%us be realized.

The towing tank is equipped with a main carriagat tis guided by longitudinal rails
located at both sides of the tank. The main cagrisgable to follow the model in the
longitudinal direction of the tank. In additionsab carriage is connected at the front of the
main carriage. This sub carriage can move tranalgrso the tank and maintain the
relative distance to the model. The sketch beloswsithe tank arrangement.

Trim Tank Main Carriage PMC
| j' / Wavemaker
= ] II N = \\
-J o [ 1 h=6.0m \@ iy
<l || ' N
N\ TR | il
\ 300.00 m
Beach Sub Carriage

Figure 24: Principle view of the Large Towing Tank
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E.2 Definitions

E.2.1 Ship Coordinate System

The coordinate system, used for the present semgeests, is shown in Figure 25. It is
valid for the steady state of the vessel. The origis been

Z
|
-

Figure 25: Ship coordinate system

E.2.2 Encounter Angle u

The encounter angie of the vessel is defined as the angle betweeships heading and
the direction of the wave propagation. It is 0°stern seas and 180° in head seas. The
anglep is illustrated in Figure 26.

u = 180°
U = 225° M=135°

M =270° M =90°
p=315° B =45°

1 = 0/360°

Figure 26: Encounter angle u
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E.3 Statistical Analysis

In a statistical analysis the significant singlepdimdes (the mean value of the one-third
highest amplitudes) and the maximum single ampdisudiere determined from the time
records of ship motions and accelerations that wexasured during the test runs. As an
example, a time record of a general measurememlsgshown in Figure 27.

O Positive Amplitudes
O Negative Amplitudes

Zn+3

Zn+23<
® Zn+1X<
Zny

NS L

Time

Zmax(+)
2 Znax

Figure 27: General time record

The statistical values of interest are listed mitemsa. to i.:

a.Mean value: f. Positive significant single amplitude:
_ N _ _ . .
- _1 DZZn ) Zsig + => Mea_n of the ondird larges
N = positive amplitudes

N:Number of samples g. Negative significant single amplitude:

Zsig - => Mean of the one-third largest

b.Standard deviation: ) )
negative amplitudes

— 1 x N2
0, = \/ﬁ DZ; @,-2° @ h.  Mean significant single amplitude:
_ ) N _ Zs, mean => Mean value of the
¢.Maximum positive amplitude: positive and negative significant
Zyax (+) (highest crest to zero value) single amplitude
d.Maximum negative amplitude: i Significant double amplitude:
Zyax () (highest trough to zero value) 2 Zsig => Mean of the one-third

highest | lit
e.Maximum double amplitude: ighest double amplitude

2 Zyiax (highest trough to crest value)
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Please note that the statistical analysis of thetdlating motion responses is related to the
mean value of the time series. Therewith, the aibsolalue of positive amplitudes is the
sum of the mean value of the time series and t#ip® single amplitudes as found in the
statistical analysis. In a similar way absolute aieg@ amplitudes are derived by
subtracting the negative single amplitudes fromntie@an value of the time series.
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Annex F

Correlation of Measuring and Video

Meas.-No. | Seaway-No.| Seaway-No. Run-No. Video-No. y Hs Tp
at model | at wave maker [m] [s]
10 10 10 1 5 1.0 3.97 12.0
7 7 7 2 2 1.0 4.01 12.0
8 8 8 3 3 1.0 4.02 12.0
9 9 9 4 4 1.0 4.03 12.0
11 11 11 5 6 1.0 4.46 12.0
12 12 12 6 7 1.0 4.87 12.2
13 13 13 7 8 1.0 4.32 11.6
14 14 14 8 9 3.3 3.81 8.4
15 15 16 9 11 3.3 3.73 8.4
17 17 18 10 13 3.3 4.51 8.6
18 18 19 11 14 3.3 4.77 8.7
19 19 20 12 15 3.3 4.99 8.9
20 20 21 13 16 3.3 4.58 8.6
21 21 22 14 17 3.3 4.65 8.6
22 22 23 15 18 3.3 4.65 8.6
26 26 26 16 19 1.0 3.9 11.8
27 27 27 17 20 1.0 3.75 11.6
28 28 28 18 21 1.0 4.64 12.3
29 29 29 19 22 1.0 4.62 12.2
31 31 32 20 24 1.0 4.64 12.3
30 30 31 21 23 3.3 3.73 8.3
33 33 33 22 25 3.3 4.35 8.4
34 34 34 23 26 3.3 4.31 8.4
35 35 35 24 27 3.3 4.3 8.4
36 36 36 25 28 3.3 4.38 8.4
37 37 26 29 3.3
38 38 38 27 30 3.3 6.69 11.1
42 42 42 28 31 3.3 4.39 8.5
43 43 43 29 32 3.3 5.6 10.3
44 44 44 30 33 3.3 6.64 11.1
46 46 46 31 34 3.3 4.21 8.3
47 47 47 32 35 3.3 3.91 8.3
48 48 48 33 36 3.3 3.7 8.3
49 49 49 34 37 3.3 3.68 8.3
50 50 50 35 38 3.3 3.78 8.3

Table 11: Correlation of Measuring and Video





