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Numerical study of wind actions 
applied to a low profile container crane 
 
 
The target of this numerical study is to investigate the problems involved in 
the design of a low profile container crane exposed both to static and 
dynamic wind actions, in order to establish if these loads are dangerous 
when compared with the load induced by standard container load and 
unload operations. 
In the first step the work was performed by means of different 
schematizations of the wind load action allowed by the standards;  the 
second step regarded the application of a real trend (velocity of wind 
versus time) obtained experimentally on a similar crane positioned in an 
Italian harbor.  
The results obtained in terms of maximum displacement depend on the 
crane load conditions and on the different schematizations used for the 
wind action. Using a variable wind pressure, the research shows that the 
effects of wind loads are greatly influenced by the natural vibration 
frequencies of both the structure and the elements that compose the 
structure. 
 
Keywords: wind actions, low profile container crane, lattice structure, 
finite elment analysis. 

 
 

1. INTRODUCTION  
 
Generally speaking, wind actions are not the main load 
conditions considered in the design of structures in the 
civil or mechanical engineering sectors. However, in  
recent years continuous researches for increase the 
material performance have generated exponential 
progresses in the development and use of slender, 
flexible and lightweight structures, to the point where 
the structures’ vulnerability to wind action and 
correlated phenomena must not be underestimated [1]. 

For example, [2] and [3] report some studies on 
cranes callapsed due to wind action. Obviously, in 
addition to wind action, these structures are also 
subjected to the force induced by load. This action, 
which also depends on the type of driving unit, should 
be carefully considered together with the action of the 
wind because they may act simultaneously [4], [5], [6]. 

Due to the fact that cranes and other lifting devices 
are big and flexible structures, they cannot be designed 
without considering wind actions. 

The low profile container crane considered in this 
study is illustrated in Figure 1. The state of the art in this 
sector has adopted a precise classification which allocates 
load lifting unit and transporting equipment into clearly 
defined categories based on its logistical role and 
function: this crane is in category A2 (low-profile 
container crane), and therefore it is equipped with a boom 
which moves horizontally within the gantry structures.  

In order to evaluate the stress on the crane caused by 
the wind, many finite element analyses (FEM) were also 
carried out to calculate the peak displacement in the 
boom. This variable is very important because the 
spreader connection mechanisms are remote controlled, 
and therefore even slight displacement reduces the  
precision of the mechanism and increases unloading 
times: this phenomenon increases the total cost of 
unloading-loading operations. Wind action is therefore 
important and fundamental for calculating both the  
safety coefficients of the structure and to quantify the 
boom displacement as a direct correlation to the 
increase in container loading-unloading time. 

 
Figure 1.  Low profile container crane, working load limit = 
50 t, boom length = 80 m, waterside = 38 m, overall height 
55 m.  

 
2. WIND ACTIONS 

 
The wind actions, forces and moments acting on the 
whole structure, or on its individual elements, are 
correlated to the size of the structure, to the maximum 
pressure (generally strictly dependent on the wind 
velocity) and to a number of dynamic and shape 
coefficients. In general, the larger the exposed surface 
is, the greater the relative action on the structure is. 
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It is important to underline that in the wind 
engineering field, the stress and the displacement in the 
structures due to the wind actions are directly 
proportional to the flexibility of the structure or element 
(related to the natural frequencies of the construction). 
For instance, the maximum value of displacement is 
correlated to the intrinsic damping of the material used 
and to the different methodologies used to join the 
elements together, such as welding or bolting [7-12]. 

Moreover, vortex streets are generated in case of 
downwind of the constructions and their elements, 
causing dynamic forces, mainly transversally to the 
direction of the wind. 

These vortex streets may become particularly 
important for slender, lightweight structures with low 
damping capacity, subjected to alternate vortex 
shedding that may excite some vibration modes of the 
structure [13-16]. 

However, many constructions and their elements are 
rigid enough with a high damping coefficient, which limits 
the dynamic effects caused by aereo-elastic phenomena. 

In these cases, wind actions can be represented by 
means of equivalent load distributions which, statically 
applied to the construction or its elements, provide 
maximum values for the displacement and stress 
generated by the dynamic wind action. Therefore in this 
case it is possible to use the equivalent static actions, 
which, as stated above, incorporate both static and 
dynamic actions [17], [18]. 

 
3. DEFINITION OF THE PROBLEM 
 
The crane design process, developed in previous studies, 
was carried out in accordance with the specific standards 
(EN 13000, etc.). The conventional component design 
and verification procedures defined by the standards have 
been implemented through many analyses in order to 
calculate the effects of seismic actions on the structure, 
and specifically their incidence and significance in 
relation to the actions generated by standard operations of 
the crane [19], [20].  

Other studies concern the use of composite materials 
in lifting equipment in order to reduce their weight and 
thus modify their frequencies and therefore the relative 
dynamic actions [21].  

Another important aspect was the assessment of 
environment conditions, and especially corrosion (these 
structures are generally installed in harbors and 
subjected to salt-water spray), which affects the 
behavior of joints, especially bolted joints [22].  

With this background, the research studies the wind 
action using several different models for estimating the 
load of the wind on the structure.  

For this study it is assumed that the low profile 
container crane is installed in Liguria (Italy) and, in 
accordance with the 2008 Italian Construction Technical 
Standards, a design wind velocity of 28 m/s, acting in 
various directions, is considered for the analysis of the 
equivalent static action.  

The wind action was evaluated by [23-26]. 
Geometrical analyses show that the direction across 

the boom is the most dangerous, both because the 
surface area exposed to the wind is largest and because 

the force applied to the boom submits the gantry to 
twisting and so the displacement at the end of the boom 
is the highest in this case.  

The first step for an effective analysis of the problem 
is the definition of the different load conditions for a 
low profile container crane.  

Figure 2 shows the crane studied under the two 
different geometrical configurations: a) waterside; b) 
landside. 

 
Figure 2.  Different geometrical configurations of the crane 

 
a. Load conditions 

 
The load conditions analyzed are the following; 
obviously they do not cover all the crane’s possible use 
configurations, but they are chosen as the most 
representative conditions.   

A. Crane with boom at the landside position 
without container. 

B. Crane with the boom at the waterside position 
with container. 

C. Crane with boom at the waterside position with 
container. This condition corresponds to 
loading / unloading the container on the ship. 

D. Crane with boom at the landside position with 
container. This condition corresponds to loading 
/ unloading the container from the quay. 

The low profile container crane is modelled using 
quadratic beam elements; these elements have been 
chosen because the crane is realized using slender 
elements (for example standard profiles): one dimension 
is significantly greater than the other two, therefore the 
slender beam assumption is justified. In order to have a 
greater precision the chosen elements have a quadratic 
formulation (Figure 3). 

Under operating conditions with a container, its 
wieght generates a vertical action, which is taken into 
account by applying four concentrated weights on the 
boom end nodes, and a horizontal action due to the wind. 

 
Figure 3. Load action due the container on the crane 
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The wind action generated on the crane can be 
calculated using the following equations [6]:  

( ) 2
Y p FYF q z L c= ⋅ ⋅  (1) 

( ) ( )21
2p r eq z v c zρ= ⋅ ⋅ ⋅  (2) 

0FY FYc c λψ= ⋅   (3) 

*A Bλψ φ= +   (4) 

where the force acting on the structure is proportional to 
the pressure range, characteristic dimension and force 
coefficient. Since the standard [23] does not specify 
structures with geometry similar to those of the crane, 
the design engineer must choose the better 
schematization for defining the force coefficient. 
 
b. Schematization 
 
As follows it is showed the plausible schematizations 
for the structure adopted in this study, and they are 
different for the gantry (P,Q,R and S) and the boom 
(1,2,3,4 and 5). 

Decisive factor for quantifying wind forces is the 
factor FYc  that depends essentially on the geometry, 
the ratio between area and full area of the elements and 
the distance between the elements themselves. 

 
Figure 4. Gantry schematization 

P-Q: The gantry is considered to be the sum of two 
flat, parallel lattice beams placed one downwind from 
the other (a distance between the two, perpendicular to 
the wind, of about 15 m). The difference between 
Hypothesis P and Hypothesis Q is that in the first case 
the beams are supposed to be far enough apart to 
prevent the generation of masking effects between them. 
In the second case, it is assumed that the downwind 
beam is subjected to a lower wind action due to the 
masking effect of the upwind beam.  

1.7FYc P = , 0.26FYc Q =  (5) 

R: The gantry is considered as a lattice structure 
(Figure 5). 

3FYc R =   (6) 

S: Each element of the gantry (vertical and 
horizontal) is studied individually. 

2.1FYc S =  (7) 

 
Figure 5. 

 
Figure 6. Design of the boom (H = 6 m, W = 7 m) 

1-2: As in Hypothesis P, the boom is considered to be 
the sum of two flat, parallel lattice beams placed one 
downwind from the other (with a distance between them, 
perpendicular to the wind, of about 7 m). The difference 
between Hypothesis 1 and Hypothesis 2 is the estimation 
of the surface area directly exposed to the wind. 

 The total area exposed to the wind can increase if 
even the stiffening and bracing elements are considered. 

1 1.6FYc =  (8) 

3-4: The boom is considered as a lattice structure. 
Here again, as in Hypotheses 1 and 2, different area 
densities, leading to different wind forces, are obtained 
depending on which elements are considered. 

3 2.25FYc =  (9) 

 
Figure 7. 

5: Each element that makes up the boom is 
considered separately. 

5 2.38FYc =  (10) 

Table 1 contains the results of the peak wind force 
for different schematization of both the gantry and the 
boom. The table 2 is the same, but considers the 
contribution of a container, which has a significant 
surface area exposed to the wind. 
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Table 1. Different values of peak wind force for crane 
without container *106 [N] 

Gantry
/Boom 1 2 3 4 5 

P 1,831 1,983 1,942 2,052 2,219 
Q 1,333 1,485 1,444 1,554 1,722 
R 2,729 2,881 2,840 2,950 3,118 
S 2,107 2,259 2,218 2,328 2,496 

Table 2. Different values of peak wind force for crane with 
container *106 [N] 

Gantry
/Boom 1 2 3 4 5 

P 1,883 2,035 1,994 2,104 2,272 
Q 1,386 1,538 1,497 1,606 1,774 
R 2,782 2,934 2,893 3,003 3,170 
S 2,160 2,312 2,271 2,380 2,548 

 
A comparison between the values of the forces 

acting on the structure, as shown in the tables above, 
clearly reveals that the wind action for different 
schematizations adopted is highly variable; therefore, a 
large number of analyses were performed to assess the 
wind action on the crane, considering various load 
conditions derived from the forces defined in Tables 1 
and 2 for each load conditions (A, B, C and D). 

In order to be clear, only the results for the models 
considering the maximum and minimum wind force on 
the structure are shown.  

 

 

 
Figure 8. Displacement in the crane in load condition A, for 
static load a), F Max b) and min c) 

 

 

 
Figure 9. Displacement in the crane in load condition C, for 
static load a), F Max b) and min c) 

a) 

b) 

c) 

a) 

c) 

b) 
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Table 3. Maximum displacement for crane in load condition 
A in correspondence of static action, maximum and 
minimum force [mm] 

Load 
condition A Magnitude X Y Z 

Static 71.5 13.6 9.9 -70.3 
F_Max 2381.6 110.1 2379.4 -95.8 
F_Min 1175.1 72.1 1172.1 -81.3 

Table 4. Maximum displacement for crane in load condition 
B in correspondence of static action, maximum and 
minimum force [mm] 

Load 
condition B Magnitude X Y Z 

Static 125.8 25.4 20.1 -123.3 
F_Max 2646.4 190.9 2640.2 -166.1 
F_Min 1368.3 129.5 1359.8 -143.7 

Table 5. Maximum displacement for crane in load condition 
C in correspondence of static action, maximum and 
minimum force [mm] 

Load 
condiction C Magnitude X Y Z 

Static 287.0 62.2 34.1 -280.2 
F_Max 2924.6 264.0 2904.2 -330.4 
F_Min 1654.7 202.6 1623.8 -308.0 

Table 6. Maximum displacement for crane in load condition 
D in correspondence of static action, maximum and 
minimum force [mm] 

Load 
condiction 

D 
Magnitude X Y Z 

Static 97.7 12.9 18.4 -96.8 
F_Max 2586.7 161.7 2582.3 -139.6 
F_Min 1307.7 100.3 1302.3 -117.3 
 

4. DISCUSSION 
 

Generally speaking, regardless of the configuration of 
the crane, the wind action generates a value of 
displacement much higher than the one obtained by the 
numerical analysis in the loading condition in which it 
acts only the weight of the crane and the weight of the 
container.  

The maximum displacement in correspondence of 
the maximum action, is about 2.5 m (in transversal 
direction with respect to the axis of the boom), making 
connection to and disconnection from the container 
virtually impossible. In general, for all load conditions, 
the transversal displacement in respect to the vertical 
displacement, due to the load of container is about 
fifteen time in the schematization with maximum force 
and is about ten time in the schematization with 
minimum force.  

The stress in the crane at maximum wind force is 
about three times compared to the one calculated in the 
absence of the wind. For the correct interpretation of the 
results, it must be highlighted that under the static 
condition, the load (container and weight of the crane 
itself) acts in a vertical direction (z), while the action of 
the wind is horizontal (y). 

5. DYNAMIC EFFECT 
 
Once the equivalent static schematization of the wind 
action on the crane had been completed, the next step 
was to analyze the vortex shedding, which can cause 
resonance in the structure. 

In the literature, there are several researches 
correlated to the probabilistic phenomena of the wind 
action [27] or related to the dynamical action induced 
by the wind [28]. In all these researches, it is 
fundamental to evaluate both Strouhal number and the 
Scruton number [29], but due to the lack of detailed data 
it was not possible to establish these parameters with an 
acceptable reliability.  

Therefore, the only possible procedure was to 
subject the crane to time-varying load, in order to 
establish whether the wind and the structure could 
potentially resonate. Given the availability of the wind 
velocity measurements for the whole month of April 
2012 (Figure 9) on the similar crane, in the harbor of La 
Spezia (Italy), it was possible to realize a curve 
(velocity of the wind - time), which was then scaled to 
periods of 8, 4 and 2 seconds, to highlight the gust 
effect. These periods were chosen because they are fully 
compatible both with the micro-meteorological peaks in 
the Van der Hoven graph and with the resonance 
periods of the crane under consideration, as established 
through a preliminary modal analysis of the crane [6]. 
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Figure 10. Average and maximum wind velocity [m/s] 
during April 2012 

 
Figure 11. Time-variant stress created (blue = 8 s; purple = 
4 s; yellow = 2 s) 

After plotting the three time-variable curves and 
applying the actions to the structure for each type of 
configuration, the graphs of the maximum displacement 
in relation to time were extracted, for point indicated in 
figure 12. The figures 13-14 and 15 concern the load 
conditions C. When the trend in the results for the three 
chosen periods are compared, it is possible to say that  
when the load frequency is increased, the displacement 
trend is amplified, a clear sign of interaction between 
the wind and the structure. In summary, it is clear that 
the size of the second and third peak in comparison to 
the first varies depending on the oscillation period. 
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Figure 12. Point adopted to evaluate the displacement in 
the crane 

 
Figure 13. Displacement  in load condition C – F max Model - 
8 s Period [m] 

 
Figure 14. Displacement in load condition C – F max Model - 
4 s Period [m] 

 
Figure 15. Displacement in load condition C – F max Model - 
2 s Period [m] 

6. CONCLUSION 
 

The subject of this study is a low profile container crane, 
subjected to the wind action in the transversal direction of 
the boom, at a velocity of 28 m/s (force 10 on the 
Beaufort scale). With the model adopted for the wind 
action, i.e. the method suggested by the NTC 2008 and 
Eurocode standards [23], [24] for the calculation by 
means of the equivalent static force, the results for 
displacement and Von Mises equivalent stress are highly 
variable. In particular, with a very rough approximation 
of the model under the unfavorable wind action, there is a 
very large increase in displacement and consequently in 
the stress compared to the wind-free condition. Similar 
results are obtained for all the load conditions analised. 

It is particularly important that the study performed 
simulating a wind pressure variation in time. In this case, 
using experimental data obtained on similar crane from 
the harbor of La Spezia, it has been found that the crane 
is extremely sensitive to time depending actions because 
the first natural frequencies of the crane are comparable 
to those of the wind action, leading to an amplification 
both for the displacement and for the stress.  
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НУМЕРИЧКА АНАЛИЗА ДЕЈСТВА ВЕТРА НА 

НИСКО ПРОФИЛНЕ КОНТЕЈНЕРСКЕ 
ДИЗАЛИЦЕ 

 
Луиђи Солаци, Ненад Зрнић 

 
Циљ представљене нумеричке анализе је да истражи 
проблеме који су обухваћени у поступку 
пројектовања ниско профилних контејнерских 
дизалица изложених статичком и динамичком 
дејству ветра, како би се утврдило да ли су ова 
оптерећења опасна ако се упореде са стандардним 
радним оптерећењем које се јавља у току претовара 
контејнера. 

У првом кораку истраживање је спроведено 
помоћу различитих шема дејства ветра које су дате у 
стандардима;  У другом кораку је анализирано 
стварно стање (експериментално добијена брзина 
ветра у односу на време) и резултати су добијени  за 
конкретну контејнерску дизалицу лоцирану у једној 
италијанској луци. 

Добијени резултати у погледу максималних 
померања на структури зависе од оптерећења 
дизалице и примене различитих шема које се 
користе да би се обухватио утицај ветра. 
Коришћењем променљивог притиска ветра, 
истраживање показује да су ефекти оптерећења 
ветром у великој мери под утицајем сопствених 
фреквенција како носеће структуре, тако и 
елемената који чине структуру. 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


