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THE USE OF PHYSICAL MODELS TO PREDICT THE CAPSIZE OF DAMAGED
SHIPS IN WAVES

by

David Molyneux,
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National Research Council,
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Newfoundland,
Canada,

AlB 3T5

SUMMARY

The hydrodynamics of wave action flooding a damaged ship are complex, and difficult to
analyze. Under the wrong conditions, water can accumulate in the ship and ultimately
capsize it. Physical models provide the opportunity to study the water flow in and
around the hull, and the subsequent behaviour of the ship, without the risk to life or.
property. The resulting ship models are relatively complex because they must represent
the external and internal geometry of the ship and require measurements of body motions,
wave amplitudes, and for some studies, water flow inside the hull. This paper briefly
traces the development of damage stability modeling, with particular reference to RO-RO
ferries. Two types of damage scenario are identified, one as a result of acollision and one
as a result of loss or. damage to the bow door. ‘

The paper then discusses the state of the art for modeling the capsize survivability of
damaged ships. The minimum technical requirements for. the construction of the model,
the generation of waves, the conduct of the experiments and the presentation of the
results and their validity are discussed. Some suggestions for areas of further research in
this extremely important area of ship hydrodynamics are also given.

1. INTRODUCTION

Adequate stability of a damaged ship is an important means of preventing the loss of life
and property. Ships carrying a large number of passengers are of particular concern, since
the potential for loss of life is highest. The International Maritime Organization (IMO)

has provided minimum standards for the stability of a passenger ship, after it has become
damaged. The current standards, referred to as SOLAS 90, have evolved over many years



and are based on past experience, historical data and more recently information from
hydrodynamic model tests. The SOLAS 90 standards are applied internationally to a
wide range of ship types operating between countries of varying degrees of technological
sophistication. The current standards are prescriptive rules, based on the large angle
stability of the ship after damage.

The SOLAS 90 regulations require a ship, with two adjacent compartments damaged, to
possess a minimum value of 0.015 m-radians for the area under the curve of righting
moment (GZ) against heel angle, a maximum righting moment of at least 0.1 m and a range
of positive stability of at least 15 degrees. It is assumed that the ship has been rammed,
and that the damage extends.the full depth of the superstructure and hull, and that the
main deck is penetrated to a depth of 1/5 of the beam of the ship. The longitudinal extent
of the damage is assumed to be (3 + 0.03L) metres or 11 metrcs (wlnchever is the
smaller), where L is the length of the ship, in metres.

The concepts expressed in these regulations are important since they have been the basis
of much of the physical modeling associated with the stability of ships after damage. The
SOLAS regulations are based on the hydrostatic particulars of the damaged ship, and
make no allowance for dynamic effects caused by waves. Wave action floods the main
deck and excites the motion of the water that is trapped on the deck. The need to
understand the influence of these hydrodynamic effects on the ability of the ship to

survive has been the fundamental reason for carrying out physical model experiments on
damaged ships.

Physical modeling has been extremely useful in developing an understanding of the
problems affecting a damaged ship. The movement of the damaged ship in waves, the
flooding of the car deck and the water movement on the deck have all been visualized and
quantified using physical models. The results of the model tests have also been extremely
useful for the development and validation of numerical models to explain the capsize-
process. The paper discusses the procedures for. carrying out this type of test, based on a
review of the previous work in the field and the author's own experience at the Institute
for Marine Dynamics (IMD) in the area. The paper. focuses on the modeling techniques
and does not discuss results of specific experiments in detail, or the adequacy of damage
stability regulations.

The damaged stability of roll on-roll off (RO-RO) ferries has been a particular concemn,
since there have been several notable tragedies in this area. These ships are potentially
prone to the effects of water on the deck after damage, since they have relatively low
residual freeboards, relatively low metacentric heights and large enclosed decks. For these
reasons, most of the work on damaged stability has concentrated on this ship type, but
this is a specific example of a general hydrodynamic problem, which continues to
challenge us.
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2. THE DEVELOPMENT OF PHYSICAL MODELING OF DAMAGED STABILITY

Regrettably much of the research in this field has been prompted by disasters, such as the
capsizes of the Herald of Free Enterprise and the Estonia. Two types of accident have
been studied with physical models. Most of the work has focused on the SOLAS
condition following a collision. However, there has been some work related to the flooding
of the car. deck of RO-RO ships caused by the loss of the bow door.

2.1 Stability After Collision Damage Below the Waterline -

 Most of the modeling of the damaged stability of RO-RO ferries traces its origins to the

work of Bird & Browne [1]° . The model used was based on a 'typical’ British ferry with
a fully enclosed superstructure and a centreline casing. SOLAS damage openings (as
defined above) located at midships and 25% aft of the bow were used, but only one was
open at a given time. The test procedure took fixed significant waveheights and adjusted
flooded metacentric height (GMf) to determine the highest value to survive a given
significant waveheight, and the lowest value to capsize it. Another factor that was
studied was the orientation of the damage, either facing the waves or away from the
waves. Measurements were made 'of waveheight only. The authors established limiting
significant waveheight (Hs) in beam waves as a function of GMf for. different residual
freeboards, based on the results of an extensive series of model experiments. This paper.
set the standards for modeling damaged RO-RO ferries and the work that followed was -

‘built on this foundation.

Following the capsize of the Herald of Free Enterprise in 1987, there was renewed
interest in the issues related to damaged stability after a collision. Pucill & Velschou,
Velschou & Schindler and Schindler [2,3,4] published work carried out at the Danish
Maritime Institute. Their work established limiting GMf (also in beam waves) for a
typical cross-channel ferry over.a range of residual freeboards. The work covered the
basic hull, including a centreline casing on the car deck and two damage locations. This
was expanded to include the effects of the size of the damage at midships, the

+ permeability of the car deck and engine room, and also a wide range of devices to increase

stability, such as air bags, sponsons, and transverse and longitudinal bulkheads to divide
up the car deck. Orientation of the damage relative to the waves was also studied. Dand
[5] also used a model of a cross-channel ferry, with different casing arrangements, but
only one damage location. Measurements were made of waveheight and model motions,
and video records were taken of the water flow inside the model.

In another research study, initiated after the Herald of Free Enterprise disaster, Stubbs et
al [6] studied a prismatic model, rather than a conventional ship. This was an attempt to
isolate the principle variables in the problem, in particular to eliminate as many three
dimensional effects as possible. The model was instrumented to measure depth of water
on the car deck at 14 locations and relative motion at the damage opening in addition to

“Numbers in brackets designate references at the end of the paper.



waveheight and model motions. Video records were also made of the water flow on the car
deck. The other interesting aspect of this study was that it included flow biased freeing
ports to drain the deck.

The sinking of the Estonia in 1994, prompted more research into damaged stability. It
was proposed by the IMO's Panel of Experts, set up to review RO-RO safety issues
after this capsize, that model tests could be used an alternative to the traditional
prescriptive rules. The panel of experts recommended a procedure for carrying out these
tests, given in Appendix A. Several countries sponsored research to determine the
effectiveness of different proposals to improve capsize resistance [7 to 11].

This was the first time that model tests had been used to demonstrate the survivability of
specific ship designs in actual survival conditions, rather than parametric studies to
evaluate the significance of variables. The permissible depth of water on the car deck was
a potential factor. to be included in the SOLAS regulations and this prompted more
extensive efforts to measure this parameter.

2.2 Stability After Damage to the Bow Door

The other major stability factor affecting RO-RO ships is damage to the bow door that
would allow water to flood the car deck of an otherwise undamaged ship. Again waves
play an important role in this problem. However, in this case, the ship's own wave
pattern, caused by dynamic swell-up, can be the significant parameter. The magnitude of
the problem can be affected by the water depth, ship's speed and freeboard. Wind
generated waves can obviously compound the problem. This situation has been studied
much less than the one with collision damage below the waterline. Two references were
found covering this potential situation. Reference [12] was carried out after the loss of the
Herald of Free Enterprise and [13] was carried out after the loss of the Estonia. Since this
type of testing is outside the author's experience it will not be commented on further.

3.0 DISCUSSION OF MODEL EXPERIMENT TECHNIQUES TO EVALUATE
DAMAGED STABILITY

The general assumption has been that following the collision, the ship has lost all power.
for propulsion and is drifting under the action of the waves and current. The ship is
assumed to be beam on to the waves. It has been demonstrated that the worst case for a
capsize is with the damage exposed to the direction of the incoming waves. Also
experiments with different headings [11] have indicated that the beam sea direction is the
worst case, compared to other wave directions. Capsize after damage has been shown to
be the result of a relatively slow accumulation of water on the-deck. A typical capsize,
based on the results of model experiments, can take between five and thirty minutes to
happen. '



All of the experiments have been carried out using coastal rather than deep water wave
spectra. Bird and Brown used Derbyshire's formulation, but all later investigations used
JONSWAP spectra with gamma=3.3. Statistical data indicate that most ferries operate
close to shore and that collisions are most likely to occur in these areas. Long crested
waves have been assumed.

The effect of wind has been considered by some researchers, but has not been modeled
directly. The assumptions with regard to wind are that the wind and wave directions are
coincident, and that the superstructure of the ferry is reasonably symmetrical about the
centre of yaw. -

3.1 Model Hull

The fundamental aim of the testing is to provide accurate hydrodynamics for a damaged
ship in waves. The driving considerations are wave action flooding the deck and the
movement of water on the deck. All testing has assumed Froude scaling, with no
corrections for viscosity. The waveheights to capsize many ferries are relatively low and
the wavemaker performance does not usually not the limit the scale of the model. The
biggest factor in choosing a scale is the drift of the model during the test and as a result the
required survival time determines the scale. The experiment must be completed in a single
run since water can drain off the deck as soon as the model stops. For 40 minutes of
survival time, approximately 150 metres of tank is required at a scale of 1:20. Typical
scales for this type of testing have varied between 1:40 and 1:20.

Model preparation has been based on the desire for accurate geometric representation of
the physical situation. This includes external geometry of the hull and superstructure,
appendages (rudders, propeller shafts and bilge keels), flooded volume, damage holes, and
internal structures such as casings and bulkheads dividing the car deck. It is not practical
to scale shell thickness, but the shell must be built as thin as possible. Several different
techniques have been used. Sheet metal (aluminum) and glass reinforced plastic have both
been used for the hull in the area of the damage. In addition transparent acrylics have been
used for parts of the superstructure.

A typical model is shown in Figure 1. Watertight compartments at each end provide
buoyancy for the damaged condition. These compartments must be carefully constructed
so that they are absolutely watertight and can be inspected. In the centre of the model is
the floodable space below the main deck. The volume of flooding is controlled either by
the position of the bulkheads or by adding buoyancy blocks to this floodable space. The
main deck must be sealed to prevent draining other than through the damage or any
devices specifically for draining the deck. Above the main deck is the superstructure,
which must be geometrically accurate inside and out. The uppermost deck is usually made
of transparent material to allow viewing of the water on the car deck. On top of the
superstructure are additional buoyancy blocks to prevent the model from turning upside
down in the water, after a capsize. Pumps can also be fitted to the model for clearing
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Figure 1, Typical model arrangement




water from the floodable parts of the hull. IMD's experience is that submersible dc
pumps usually fitted to recreational boats are the most effective. '

Preparing the model to have the correct stability parameters is much more complex than
for other types of model testing. The intact model is ballasted for the correct
displacement and trim, KG and radii of gyration for pitch and roll in air. An intact
inclining test in water is carried out to confirm the intact GM and a flooded inclining
experiment is carried out to check the flooded condition. This can be tricky due to the
large free surface of the flooded area, and also the tendency for water to flood the deck
through the damage opening'if the freeboard is low. It is also desirable to measure the large
angle stability of the model. The ideal arrangement is a jig for measuring hydrostatic
righting moment for the damaged model at large angles of heel. Obviously, heel moment
should be applied without increasing the displacement. A heeling test up to large angles
can be carried out, but this does not get over the hump in the GZ curve. To facilitate
adjusting the ship condition, some models have used mechanical lifts but they must not
interfere with water flow on the deck or inside the hull.

An area of concern for the modeling of damaged stability has been the general absence of
vehicles on the deck of the model. It is generally assumed that the open deck case is the
worst. Studies have shown [ 3,4] that there is very little difference is waveheight for
survivability with and without vehicles on the deck. However the flow around the
vehicles has not been described in detail and compared to the flow on the empty deck.
Another factor which has not been considered is the heeling moment induced by
movement of the cargo.

3.2 Instrumentation

The minimum specification for measurements during the experiment is for waveheight.

- Standard measuring equipment can be used for this, as there are no special requirements. -
However, the minimum is acceptable if the only parameter to be considered is the
survivability of the ship in a given wave environment. The result is a binary function
(survive or capsize) and does not necessarily give any insight into the mechanisms
involved in the flooding process. In order to do this we must correlate model motions
with the incident waves. Model motions have been measured successfully using
accelerometers for heave, sway and surge and gyroscopes for pitch, yaw and roll. This
instrumentation is easily available and robust enough to withstand inversion in a capsize.
IMD has experimented with direct measurements of heave, sway and roll using an infra-
red digital imaging system. The disadvantage of this technique was that it did not give
direct readings, since it needed a certain amount of post-processing. However, it was good
for comparisons with numerical simulations, because it gave a direct measurement of
heave and sway displacement, without the need for double integration.

Visual observations during the tests have shown that relative motion between the water
surface and the deck, at the point of the damage, is an extremely important parameter in
the flooding process. Flooding is only possible if the instantaneous water level is above



the level of the deck. For a ship in beam waves, relative motion contains waveheight, roll
and heave. Direct measurement of the variable can be made by using a water level probe
attached to the outside of the hull, directly in front of the damage opening. The resulting
depth of water on deck has been measured using arrays of water level probes. Probes
should be designed to measure water right down to the level of the car deck, without any
non-linearity. IMD has found that capacitance type probes are adequate for both these
types of measurements.

One of the factors studied in recent damage stability experiments was the volume of water
that accumulated on the car deck. The depth of water was obtained at specific locations,
but this had to be integrated to obtain the total volume. The algorithm used for calculating
the volume must be checked for accuracy in a dynamic condition. This can be done by
sealing the car deck, placing a known volume of water on the deck, and rocking the model
to simulate the dynamics of the ship with water on the deck.

Video cameras have been extremely helpful in understanding the movement of water on
the car deck and the flooding of the hull. Modern video cameras are sufficiently small and
robust to be mounted directly inside the model, with a view of the water entering the -
model, flowing around the car deck and draining. The importance of a clear. visualization
of the water movement cannot be understated. Other video views of the model, such as
side and end views are also desirable.

Other parameters that should be measured are the average drift speed of the model in the
waves and the time taken to capsize (or the length of time that the model survived).

Since there are no high speed events involved in the capsize of a damaged ship, sampling
rates do not need to be higher than 20 Hz for the parameters discussed above. This also
reduces data storage requirements within computer based data acquisition systems.

The biggest challenge in designing an instrumentation package for this type of testing is
for it to survive the many inversions and dunkings it will receive in the course of a test
program. Needless to say, waterproofing of all instrumentation is essential. This can lead
to other challenges, such as keeping sealed instrumentation packages cooled to normal
operating temperatures. Also the umbilical cables between the model and the carriage
must not interfere with the model motions. IMD's latest approach to this is to include
signal conditioning and data acquisition with the model and have a single ethemet cable
coming from the model to the carriage to carry all data channels. This together with cables
for powering the onboard computer, camera and pumps provides a very thin and flexible
umbilical. '

3.3 Experiment Procedures
Towing tanks have generally been used for this type of testing since they allow for.the °

long run lengths needed. The model, beam on to the waves, is allowed to drift freely until
it capsizes or the prescribed survival time is achieved. Mooring the model is not



recommended since this artificially increases the relative velocity between the model and
the waves, which may induce a capsize. It is desirable to start data acquisition in calm.
prior to the waves reaching the model, since this provides a zero level for transducers at
the start of each test.

Initial heel angle at the start of an experiment can influence the results, especially for cases
where water is free to flow completely across the main deck. In this case, any initial heel
away from the damage tends to increase the capability of the hull to survive a capsize.
This is because the water on the deck heels the model away from the damage, and
increases the residual freeboard at the damage location. As more water accumulates, then
the freeboard is increased even further. The heel angle of the flooded model in calm water
must be checked before starting each run. It is our.experience that a capsize, especially in
high waves, can result in small movements of ballast weights and other components. It is
extremely unlikely that the model will be upright in both the intact and damaged
condition, due to small asymmetries in the model construction. IMD has chosen to level
the model in the flooded case, rather than the intact case.

Most of the testing in this field has started with the model flooded in calm water. The
disadvantage of this approach is in the typical performance of wavemakers. The waves
are generated with a pseudo-random process, which is stationary, over time. However,
since the drive signal contains all frequency components, the first waves to reach the
model after the wavemaker is started are the longest (and highest) waves. This has a
tendency to put more water onto the deck in the initial stage of the run than is realistic.
Placing the model as close to the wavemaker as possible minimizes, but does not eliminate

this problem

An'altematlve is to start the run with the model intact and then flood the model once a
stationary process has developed. The disadvantage of this approach is that creating the
damage induces motion into the model (albeit only for a short time) from two sources.
One is from the operation of the mechanism to open the damage and the other is from the
dynamics of the flooding. Also the mechanism for the damage may provide some
obstruction to the flow. The advantage to. this method however, is that the water flows
onto the deck more naturally

The randomness of the waves is also an area of interest. Most testing for.a given model
has been done in only one of many possible wave trains with a given significant wave
height and modal period. However, it has been observed that the volume of water on the
deck is dependent, to some extent, on the grouping of the waves. Clearly there are wave
conditions where the model will definitely capsize and others where it is definitely safe.
In between is an area where the survival may depend on the specific grouping of the
waves. Obviously it is not possible to test every single combination of wave groupings,
but if time and cost permit, several different wave patterns should be tested, all with the
same significant height and modal period. In general, the steepest waves for a given

significant waveheight have been used. The effect of modal period has not been studied in -

detail, even though there is some evidence that it may have an effect.



3.4 Presentation of Results

The most common presentation of results has been graphs of limiting significant
waveheight against GMS for the flooded ship, at a given residual freeboard. This
presentation follows seakeeping dynamics for intact ships, assuming that the roll
response of the ship is dependent on metacentric height. It is also an attractive
presentation since it relates to easily obtained physical parameters for the sh1p and
presents the overall survivability of the ship.

Non-dimensional presentation of these three parameters has been given by Dand [5],
Spouge [14] and Vassalos et al [15]. Residual freeboard is non-dimensionalized by
significant wave height and GMf nommalized by a combination of ship length, beam, draft
and displacement. GMf is a good parameter. for understanding the dynamics of a ship in
the upright condition but it may not be the best one for a ship at a large angle of heel, with
a significant quantity of water on the deck. Vassalos et al [15] suggest maximum righting
moment (GZ) as a more suitable stability variable. This parameter includes the effect of
ship structure above the main deck, which of course flooded GM does not.

Other data from model tests can be plotted, such as depth of water on deck against
functions of residual freeboard and significant waveheight and depth of water on deck
against stability parameters, such as GMf. Complete time histories of individual
experiments have also been given. These can be extremely useful in understanding the
flooding and capsize mechanism, but are of limited use outside the research field.

Another important factor to conslder is the presentatlon of the shxp data. In order to help
understand the significance of different parameters, as complete reporting as possible of
ship data is required. This should include the full curve of GZ against angle of heel, the
geometry of the hull and the flooding, the location of the damage and the wave spectra
used. This will allow the maximum benefit to be derived from all experiments and also
enable the results of the experiments to be used in the validation of numerical models.

Finally, when considering the presentation of the results, we should consider. the objective
for. doing the experiments. It has been implicitly assumed that if the methods described
above are followed, then the model results are an accurate prediction of the behaviour of a
geometrically similar ship. This is of course difficult to verify, since there is only a limited
amount of data for ship capsizes where the damage occurred with the classical SOLAS 90
assumptions. The reality.of vessel collisions is much more complex, and the sensitivity to
the dynamic factors occurring in collisions must be addressed before we conclude that the
modeling methods described above give accurate full scale predictions for ships in service.
Clearly data obtained from this type of testing can be an important component in an
overall approach to collision simulation, but validation against actual accident situations is
essential.



4. CONCLUSIONS AND RECOMMENDATIONS

Physical modeling of the stability of damaged ships in waves continues to be a challenging
process for ship modeling facilities. The demands on the model tester have increased from
a relatively simple survival or capsize evaluation to the requirement for sophisticated
measurements of water flow on and off the deck. The need for the model and
instrumentation to survive repeated capsizes requires special attention and planning in all
phases of design, construction and testing. Above all the modeling process must represent
accurate hydrodynamics and the best scientific principles.

It has been proposed that model testing is a valid alternative to prescriptive rules for
demonstrating the survivability of a specific ship design. In order for this approach to be
legitimate, testing facilities must develop and adopt an acceptable procedure. At present
there are areas of uncertainty as to whether or. not the experiments should be started
flooded, the influence of cargo on the deck and the acceptable criteria for repeatability of
capsize or. survival for different wave groupings. Also the influence of wave peak period
on results should be evaluated. The significance of each of these variables must be
evaluated with systematic testing. Once this data is reviewed, then procedures can be

~ developed that are acceptable to model testers, ship owners and safety regulators.

This paper has focused on damage due to a collision, when the hull is flooded below the
main deck. Whilst this type of damage is realistic, it is not the only possibility, or
necessarily the most dangerous. Two recent tragedies have involved flooding of the car
deck of an otherwise intact ship. Modeling procedures for. this type of testing are not as
well developed, and further study of this topic is recommended.
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Appendix

DRAFT MODEL TEST METHOD

1 Objectives

In the tests provided for in paragraph 1.4 of the stability requirements pertaining to the agreement,

the ship should prove capability to withstand a seaway defined in paragraph 3 hereunder in the worst’
damage case scenario. -

2 Ship model

2.1 The model should copy the actual ship for both outer conﬁguratlon and internal arrangement -
in particular of all damage spaces, havirlg an effect on the process.of flooding and shipping of water. The
damage should represent the worst damage case defined for compliance with 2.3.2 of regulation I1-1/8
(SOLAS 90). An additional test is required at a level keel midship damage, if the worst damage location
according to SOLAS 90 is outside the range + 10 % Lpp from the midship. This additional test is only
required when the ro-ro spaces are assumed to be damaged. :

22 The model should comply with the following:

1 .lengthbetweaxperpendrcularslstobeatleastsm, -

2 hull is to be thm enough in areas where ﬂns featwe has mﬂuence on the results;

3 charactensuos of mouon should be modelled- properly to the actual ship, paying
particular atteation to scaling of radii of gyration in roll and pitch motions. Draft, trim,
heel and centre of gravrly should represent the worst damage case; )

4

" smain design fm such as watertight bulkheads, air -escapes etc., above and below the

bulkhead deck that can result in asymmetric flooding should be modelled properly as far
as pracncable to repr&sent the real sntuatxon,

5. the shape of the damage opemng shall be as follows

1 rectangular side proﬁle witha wxdth accordmg to SOLAS regulation II-1/8.4.1
and unlimited vertical extent.
.2 . isosceles mangular profile in the horizontal plane with a helght equal to B/5 .
- according to SOLAS regulation 11-1/8.4.2.
3 Procedure for experirnents

3.1 The model should be subjected to @ long crested irregular seaway defined by the JONSWAP

spectrum with a significant wave height Hs, defined in subparagraph 1.3 of the stability requirements and
havmg peak enhancement factor y and pcak period Tp as follows:



.1 Tp - 4/Bs with y =3.3; and

.2. Tp equal to the roll resonant period for the damaged vessel without water on deck at the
specified loading condition but not higher than 6yHs and with y = 1.0.

3.2 The model should be free to drift and placed in beam seas (90° heading) with the damage hole
facing the oncoming waves. The model should not be restrained in a manner to resist capsize. If the
vessel is upright in flooded condition. -1° of heel towards the damage should be given.

33 AtleastS (five) experirnents for each peak period should be carried out, The test period for each

run shall be of a duration such that a stationary state has been reached but should be run for not less than
30 min in full-scale time. A diﬁ'erent wave realization train should be used for each tést.

34  Ifnone of the experiments result in final inclination towards the damage, the experiments should
be repeated with 5 runs at eath of the two specified wave conditions or, altenatively, the model should
be given an additional 1° angle of heel towards the damage and the experiment repeated with 2 runs at
each of the«two specified. wave, conditions. The purpose of these- additional -experiments is" to!
demonstrate, in the best possxble way, survival capability against capswe in both directions.

3.5 Thetestsareto be carried out for the following damage cases: - .

1 the worst damage case wrth regard to the area under the GZ curve aceordmg to SOLAS;
and .
2. . the worst mrdshxp damage case wrth regard to resrdual freeboard m the mrdshrp area if
reqmredbyz-l S B
4 Survival cntena

. 41  The ship should be consrdered as survmng ifa statlonary state is reached for lhe successive test
runs asreqmred in3. 3 butsubjectto42

4, 2 Angles of roll of more than 30° agamst the vertical axls occurrmg more frequently than'in 20%

of the rolling cycles ‘or. steady heel greater than 20° should be taken ‘as: cap’szzmg events. even if a
stationary state is reached. -

5 Test approval

s, 1 It is the responsibility of the Admnustratron to approve the model test programme in advance
It should also be bormin mind that lesser darhages may provide a worst case scenario..

5.2  Test should be documented by means of a report and a video or other visual record containing
all relevant information of the vessel and test results. A copy of the video and report should be submitted
to the Organization, together with the Administration's acceptance of the test.



