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ABSTRACT

A parameter study by numerical simulation of parametric rolling is presented together with results from
the SAFEDOR benchmark study, Spanos and Papanikolaou (2009a). The parameter study consists of a
variation of wave height and wave period around eight of the discrete test cases in regular waves of the
benchmark study. The results are discussed and explained together with quasi-static calculations of
metacentric heights and righting arms of the ship. Among the findings is an example of decreasing and
disappearing of the parametric roll as the wave height is increased. A frequency shift, away from the
principal frequency ./, =2, for the highest amplitudes of parametric roll and for increased wave
heights, is also identified.
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INTRODUCTION The present paper comprises a parameter
simulation study to investigate the sensibility of
parametric roll with respect to ship loading, speed
and wave climate. The bases for this study are
eight of the regular wave test cases of the
SAFEDOR benchmark study.

The parametric rolling of ships has been given an
increasing attention the last decades. Large
container ships and PCTC carriers have been
reported to experience dangerously large roll
angles developed in a very short time, in some
cases only a few wave encounters. One example is

the APL China incident in 1998 where more than THEORY AND METHOD

sixty percent of the cargo was lost or damaged Parametric rolling is a dynamic stability
due to parametric roll. More recent examples of phenomenon that occurs due to transverse stability
ships encountering parametric roll resonance is variations when longitudinal waves passes the
the Maersk Carolina in 2003 where more than 130 ship hull in combination with an encounter period
containers were lost and the PCTC Aida in 2004 close to half the period of natural roll.

where the time series of the roll motion also has For a ship in longitudinal waves the roll
been recorded on board (Hua et al 2006). motion will not be excited due to the port and

Parametric rolling can be very costly in terms of starboard symmetry of the ship and wave.
damaged or lost cargo and even damage and loss However, the transverse stability will change

of the ship and its crew. during a wave passage e.g. compare the water
The phenomenon of parametric roll has been lines of a ship in a wave, with length close to the
recognized and investigated both by numerical ship length, when a crest and trough respectively

and experimental models by naval architects for is amidships. The stability variation is more
more than fifty years (Paulling 2006). The earlier pronounced for slender ships and ships with large
work has been mainly focused on smaller working flares and is of course also related to the wave
ships and costal cargo ships. More recent height. To initiate parametric rolling in
accidents with larger ships have both increased longitudinal waves some perturbation in roll is
and shifted the focus of interest the recent needed. In practice this perturbation will always
decades, see e.g. Umeda (2008), Spanos and be present in the form of wind gusts, oblique
Papanikolaou (2009) and Brunswig (2006). waves or course deviations.
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When parametric rolling occurs in regular
waves the frequency of roll will be half the
frequency of encounter, and pitch, heave and
surge will be at the frequency of encounter and
hence the ship-wave system will be symmetrical
and the roll excitation for the starboard and port
parts of the roll cycle will be the same. Typically
the transverse stability will be high when rolling
towards upright and low rolling away from
upright and hence the roll motion will be “self
amplified”. Ships are considered to have the
largest susceptibility to parametric roll when the
frequency of encounter is twice the frequency of
natural roll. Parametric roll could also exist at
other multiples of frequency of encounter to
frequency of natural roll but this is not considered
further in the following.

Apart from the hull geometry also roll
damping and the loading condition are important
ship characteristics for the development of
parametric roll. If the energy loss from the roll
damping is greater than the energy gain from the
change of transverse stability parametric roll will
not develop. The loading condition will affect the
stability characteristics and natural roll period.

The governing phenomena of parametric roll
are non-linear and cannot be assessed by a linear
theory method e.g. linear strip methods. The
simplest way to examine parametric roll is by the
assumption of a sinusoidal GM variation put into
a linear one degree of freedom roll equation.
Through suitable substitutions and rearrangement
this equation will be in the form of the Mathieu
equation. By varying the parameters of the
Mathieu equation, corresponding to mean value
(non-dimensional natural frequency) and range of
the time varying GM respectively, the stability of
the equation can be studied through the well
known Ince-Strutt diagram. The unstable regions
correspond to possible parametric roll (ABS
2004).

Through the Mathieu equation an estimate of
the susceptibility of occurrence of parametric roll
can be made. However, no information about the
severity, e.g. growth and steady state of the roll
angle, can be found from this approach. There is a
need for more sophisticated methods in order to
assess and understand the phenomena of
parametric roll. A first step of refinement would
be the inclusion of a representation of the ships
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righting ability at large roll angles e.g. through an
analytical expression of the righting moment, e.g.
Bulian (2008), or through direct integration of the
pressure on the submerged part of the hull, e.g.
Hua and Palmquist (1995). Other refinement
could be to include the coupling to other degrees
of freedom e.g. heave, pitch and surge and a
proper representation of the roll damping. Of
course the refinements will come at a cost in CPU
time, especially when closed form expressions are
abandoned.

The simulation and analysis of parametric roll
in the present studies were carried out using the
SIMCAP numerical tool, see Schreuder (2005),
with the implementation of arbitrary wave
direction and speed. SIMCAP is a time domain
code based on non-linear strip theory in which the
incident wave forces, the Froude-Krylov forces,
are calculated by integration of dynamic wave
pressure over the momentarily wetted hull surface
at each time step and the diffraction and radiation
forces are determined through pre-calculated
sectional hydrodynamic coefficients. Inclusion of
viscous effects on the roll damping is made
through a quadratic formulation where the
coefficients have been tuned to match a roll decay
model test. In the present studies forward speed
effect on roll damping is not considered due to
pertinent low speeds.

PARAMETER STUDY
Setup

A parameter study has been conducted to
investigate the parametric roll sensitivity to ship
loading, speed and environment. The ship used in
the study is the container ship ITTC-A1 with main
particulars and the different loading conditions
used, listed in Table 1.

Other parameters in the study were ship
heading and speed. Only regular waves were used
in the study and wave height and wave period
were treated as variables. A study setup matrix is
shown in Table 2.

The bases for this study are a systematic
variation of wave height and wave period around
eight of the regular wave test cases of the
SAFEDOR benchmark study. Fig. 1 the results
from the model tests of the benchmark study
together with the corresponding simulation results
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of the present numerical tool in terms of steady
state roll amplitude. The test cases that were
selected for the parameter study were T2-T5, head
regular waves, and T13-T6, following regular
waves.

Table 1 Main particulars and loading conditions of the
ship used in the parametric study.

Item Ship
Length: L, 150.0 m
Breadth: B 272 m
Depth: D 13.5m
Draught at FP: T, 85m
Mean draught: T 85m
Draught at AP: T, 85m
Block coefficient: Cb 0.667
Loading condition 1

Metacentric height: GM 1.38 m
Roll radius of gyration: /,, 10.33 m
Pitch radius of gyration: /,, 382 m
Loading condition 2

Metacentric height: GM 1.00 m
Roll radius of gyration: /,, 10.33 m
Pitch radius of gyration: /,, 382 m

Table 2 Setup matrix of parametric study.

Ship speed: Fn 0.04 | 0.08 0.12

Head seas (Load. cond. 1) X X

Following seas (Load. Cond. 2) | x X

In the simulations the ship was restrained to
move in only three degrees of freedom; roll, heave
and pitch. The roll angle was set to one degree at
the start of each simulation in order to trigger a
possible parametric roll development in the
otherwise starboard-port symmetrical test cases.
First order waves were used in all simulations.
Coefficients for the quadratic roll damping where
obtained through matching a roll decay
experiment from the benchmark study.\

The solid lines of Fig. 2 show the GZ curves
of the two loading conditions. Quasi-static GZ
curves, where the ship is balanced by constant
displacement and zero pitch moment in a “static
wave” with wave crest and trough amidships
respectively, were calculated for comparison and
are shown as dotted lines in Fig. 2. These were
calculated for two different wave heights, 4 m and

8 m, and for the wave length A/L,,=0.85. In the
quasi-static calculations the pressure varies
linearly with the vertical distance from the
surface.
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Fig. 1 Results of the test cases from the present
simulations and model tests. T1 and T12 are the roll decay
tests.

GM=1.00 m, %/ Lpp=0.85

GZ [m]

0 10 20 30 40 50
heel angle

GM=1.38 m, 1./ Lpp=0.85

| —still water|
—Hw=4m |

GZ[m]

0 3
heel angle

Fig. 2 GZ curves of the two loading conditions: GM=1.00
m (upper) and GM=1.38 m. Curves above still water
curve: wave trough amidships. Curves below still water
curve: wave crest amidships.
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Similarly, the quasi-static GM was calculated
for a range of wave lengths, wave heights and for
16 different instances of one wave encounter, for
the loading condition GM=1.00 m. The maximum
and minimum values occurred when wave trough
and wave crest are situated amidships
respectively. The span (0GM) (1) and mean values
(2) are shown in Fig. 3 and Fig. 4. The mean GM
and 6GM with respect to wave height, as seen in
the lower plots of Fig. 3 and Fig. 4, show a close
to quadratic and linear dependence on the wave
height respectively.

M) = [" Mm@y
mean( M)—ZJ.O M (t)dt (1)
SGM =GM ™ —GM ™ )
Results

All results of the study are collected in Fig. 6
where the steady state roll amplitude is plotted for
wave height versus non-dimensional encounter
frequency and non-dimensional wave length.

In Fig. 5 the results are condensed to only
include the occurrence of parametric roll and are
presented in a wave frequency versus frequency
of encounter plot with forward speed as a
parameter. The range of occurrence is represented
by thick line segments. In the enlarged lower plot
the wave frequency corresponding to the ship
length has been plotted as a vertical dotted line
and twice the frequency of natural roll (w.,) for
the two loading conditions have been plotted as
horizontal dotted lines (we, was determined from
roll decay simulations). It is noteworthy that the
high frequency boundary of occurrence is shared
by the two cases in following seas and that it
corresponds to a wave length of A/L,,=0.52. In the
quasi-static GM calculations around this value the
span of GM is comparatively small and also
rapidly decreasing as the wave length is
decreased, Fig 3, which indicates the existence of
this distinct border.

Upper part of Fig. 5 shows: the frequency of
encounter plotted against wave frequency for a
range of ship speeds in head and following seas.
On the four lines corresponding to the cases in the
study the occurrence of parametric roll is
indicated by thick line sections for head seas
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(GM=1.38m) and for following seas (GM=1.00m)
respectively. Lower part of Fig 5 shows an
enlargement where A/L,,=1 and twice the
frequencies of natural roll have been indicated by
dotted lines and the discrete cases from the
benchmark study are indicated by dots

Wave height, H [m]

Fig. 3 The span of GM, plotted against wave length
(upper) and wave height. Static GM(=1.00 m.

Upper part of Fig. 5 shows: the frequency of
encounter plotted against wave frequency for a
range of ship speeds in head and following seas.
On the four lines corresponding to the cases in the
study the occurrence of parametric roll is
indicated by thick line sections for head seas
(GM=1.38m) and for following seas (GM=1.00m)
respectively. Lower part of Fig 5 shows an
enlargement where A/L,,=1 and twice the
frequencies of natural roll have been indicated by
dotted lines and the discrete cases from the
benchmark study are indicated by dots

In Fig. 6 the magnitude of the steady state roll
amplitudes from the simulations are represented
by a gray scale, white represents no parametric
roll occurrence. Note that the roll amplitude scales
are different for the different cases and that a roll
angles above 40° represents ship capsize, which
occur only for Fn=0.04 in following seas. The
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frequency of roll was half the frequency of
encounter in all cases. This is the typical mode of

parametric roll and is commonly referred to as
principal parametric roll.
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Fig. 4 The mean value of GM, during a wave encounter
plotted against wave length (upper) and wave height.
Static GM(=1.00 m.

Even though the plots of Fig. 6 have quite
different appearances some observations common
to all of them can be made:

a) The largest roll angles occur at a frequency
ratio larger than the principal ratio o/, =2.
b) Starting from the lowest wave heights the
largest roll angle for each wave height is
shifted towards higher frequencies up to the
maximum roll angle, i.e. there is a rightward
upward trend of parametric roll occurrence in
the plots.

¢) There are abrupt changes in roll angle in the
lower right boundaries of occurrence.

There are also some interesting observations to be

made, common to some but not all of the cases:

a) The largest roll angles occur at a wave length
MLpp<l with the exception of the Fn=0.12
head seas case.
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b) The head wave cases have a larger shift to the
right (see a)) compared to the following wave
cases.

c) In the Fn=0.08 following wave case the roll
angle start to decrease for wave heights above
3 m and the parametric roll disappear between
5 and 6 m. This trend can also be noticed in
the head wave cases.
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Figure S5 Occurrence of parametric roll from the
parameter study.

Fig. 2 show that the slope of the GZ curve is
increased for increased angles up to about 20° and
for wave heights up to about 4 m. In Fig. 4 we can
also see that the mean value of GM, is increased
with the wave height i.e. both increased wave
height in upright condition and increased roll
angle leads to increased stiffness and natural roll
of the ship. Even though all dynamic effects of
ship motions are excluded in the calculations
behind these figures, these qualities are believed
to be the dominant causes to the behavior in a)
and b). At low wave heights the mean GM, has a
low rate of change and is close to the static value
and occurrence of parametric roll will be close to
0./ =2, see Fig. 4 (upper) and Fig. 6.
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Observation d) can be explained by inspection
of Fig. 3 where the span of GM, has a maximum
value below A/L,,=1 at about 0.85. However for
the Fn=0.12 head seas case it seems that the
encounter frequency is the governing parameter
for the parametric roll excitation i.e. wave lengths
with maximum GM span will render a too high
frequency of encounter for parametric roll to be
excited. The opposite seems to hold for the
Fn=0.08 following seas case. Here the maximum
GM span will render a too low frequency of
encounter.

Observation ¢) is likely caused by an
increased stiffness in roll due to a coupling with
the significantly larger pitch response in head
waves. This is not captured at all in the quasi-
static calculations of GM and GZ.

The decay and disappearance of parametric
roll as the wave height increase as observed in the
present study, f), have also been observed in
experimental results, (Spanos and Papanikolaou
2009). From Fig. 4 we can see that for a given
wave length the GM, and thus the natural
frequency of roll will increase with increased
wave height. By this the parametric roll will be
“detuned” and the roll angle decrease as the wave
height is increased. A similar explanation is also
discussed in Spanos and Papanikolaou (2009b)
and Neves et al (2009).

The model test results of test case T2 and T3,
Fig, show decreasing roll amplitude with
increasing wave height. This is also evident in the
numerical simulations. Test case T3 is however
outside of the boundary of occurrence and shows
zero roll amplitude, Figure 1. This tendency of
decreasing roll can also be seen for T4/T5 and for
T13/T14 in both test and simulations. The zero
roll result of the simulation of T14 is also close to
the boundary of occurrence. Test T15 can be
distinguished as the worst prediction of parametric
roll in the present study with a simulated steady
state roll angle of over 35° and a model test
without parametric roll, Fig. In Figure 1 the test
T15 is close to the boundary of occurrence of
parametric roll. In fact as the frequency of
encounter in the simulation is increased by 2 % or
if the wave height is lowered by about 0.5 m the
parametric roll disappears. The occurrence of
parametric roll seem to be very susceptible to both
encounter frequency and wave height in the low
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wave height/high frequency regions i.e. lower
right parts of the plots in Figure 1. If test T15
would be excluded from the benchmark the
correlation would increase to 0.64 and the
standard deviation decreased to 6.5°.

CONCLUSIONS

In the parameter study the regions of occurrence
and magnitude of parametric roll with respect to
wave height and wave frequency were derived for
different speeds and two loading conditions for
head and following waves. Several interesting
features in the appearance of these regions were
observed and explanations were indicated through
analysis of simple quasi-static calculations and
also dynamic coupling effects between ship
motions; The largest roll amplitudes occur at
higher frequencies than the principal frequency
®./®e; =2. Increased wave height results in a shift
of maximum roll amplitudes towards higher
frequencies. This frequency shift is higher for the
head wave cases. There are abrupt changes in roll
amplitude in the low wave height/high frequency
boundary of occurrence. In most cases the largest
roll amplitudes occur at a wave length A/L,,<1. In
one of the test cases the parametric rolling
decreases and eventually disappears as the wave
height is increased.

The results from the benchmark study show
that the present numerical code has a capability of
predicting parametric rolling, both qualitatively
and quantitatively. The quality of very narrow
boundaries of parametric roll occurrence, from the
parameter study, could also explain one of the
worst results in the benchmark. Awareness of the
possibility of these narrow boundaries is
important for the assessment of parametric roll by
any method.
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parameter variation is represented by the inner boxes. The test cases of the benchmark study are marked with circles.

239



Proceedings of the 12" International Ship Stability Workshop

Bulian, G., Francescutto, A., (2008) Theoretical
Prediction and Experimental Verification of
Multiple Steady States for Parametric Roll. Proc.
10" Int. Ship Stability Workshop, Daejeon, Korea

Hua, J., Palmquist, M., (1995) A Description of SMS —
A Computer Code for Ship Motion Simulation.
KTH, TRITA-FKT, Report 9502, ISSN 1103-
270X, Stockholm, Sweden

Hua, J., Palmquist, M., and Lindgren, G. (2006) An
“Analysis of the Parametric Roll Events Measured
Onboard the PCTC AIDA”. Proc. of the 9" Int.
Conf. on Stability of Ships and Ocean Vehicles
(STAB 2006), Rio de Janeiro, Brazil

Neves, M. A .S., Rodriguez, C. A., and Vivanco, J.E.M.
(2009) “On the limits of stability of ships rolling in
head sea”. Proc. IMechE: J. of Eng. for the
Maritime Environment Vol. 223 Part M

Paulling, J.R., (2006) Parametric Rolling of Ships —
Then and Now. Proc. of the 9™ Int. Conf. on
Stability of Ships and Ocean Vehicles (STAB
2006), Rio de Janeiro, Brazil.

Schreuder, M. (2005) Time simulation of the behaviour

240

of damaged ships in waves. Shipping and Marine
Technology. Chalmers University of Technology.
Licentiate Thesis, Gothenburg, Sweden.

Spanos, D., and A. Papanikolaou (2009) SAFEDOR
International Benchmark Study on Numerical
Simulation Methods for the Prediction of
Parametric Rolling of Ships in Waves. NTUA-SDL
Report Rev 1.0.

Spanos, D., and A. Papanikolaou (2009a) “Benchmark
Study on Numerical Simulation Methods for the
Prediction of Parametric Roll of Ships in Waves”.
Proc. 10™ Intl. Conf. on Stability of Ships and
Ocean Vehicles (STAB 2009), St Petersburg,
Russia

Umeda, N., Hashimoto, H., Stern, F., Nakamura S.,
Sadat Hosseini. S. H., Matsuda, A. and P. Carrica
(2008) “Comparison Study on Numerical
Prediction Techniques for Parametric Roll”. Proc.

of the 27th Symp.on Naval Hydrodynamics, Seoul,
Korea.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


