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��!" ��"/ Steel sections are usually classified as compact or slender according to their bending 
moment capacity relative to the plastic or yield moment.  This is primarily done by considering the 
element slenderness (b/t) of the flange and the web against established limits. This paper reports on 
the results of finite element simulation of local buckling to assess the level of interaction between the 
flange and web when examining these limits.  The results suggested that the impact of the web 
slenderness on the behaviour is minimal, and it is hypothesized that even beams with extremely 
slender webs can reach almost the full plastic moment due to the very small contribution a thin web 
makes to the moment capacity. 
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 Figure 1: Moment-curvature behaviour of different types of steel sections 

 

 

 

Figure 2: Idealisation of section buckling as plate local buckling of each element 

 

Figure 1 shows also shows how cross-section shapes can be classified as compact, non-
compact and slender: 

1) Compact (or Class 1) sections can attain the plastic moment and have plastic rotation 
capacity sufficient for plastic design.  

2) Non-compact sections can sustain somewhere between the yield moment and the 
plastic moment but have limited rotation capacity.  This class is often divided into 
Class 2 sections which can reach the plastic moment but with a small rotation 
capacity, and Class 3 sections which reach a maximum moment somewhere between 
the first yield moment and the full plastic moment. 

3) Slender (or Class 4) sections cannot reach the yield moment due to local buckling. 

It is very well established that the elastic local buckling stress (fcr) of plate of width b and 
thickness t is given by: 
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where k is the plate buckling coefficient.  The value of k depends on the nature of the stress 
distribution across the plate and the support conditions of the plate. 

By equating the local buckling stress to the yield stress, one calculates a critical b/t value 
that differentiates when yielding occurs before buckling (and vice versa).  This creates the 
concept of a slenderness limit between non-compact/slender or Class 3/4 behaviour.  
Appropriate modifications must be made to account for imperfections and early yield from 
residual stress.  It is likewise possible to obtain slenderness limits between the other classes of 
behaviour. 

 

1.2 Previous research 

When an I-section bends about its stiff axis, the flange is considered as a plate supported 
on one edge experiencing uniform compression.  The web is equivalent to a plate supported 
on both edges experiencing bending (stress gradient with equal tension and compression 
stresses on each edge). 

A thorough analytical study of local buckling of flanges is Lay [1].  The effects of initial 
imperfections in the plate (Johnston [2]), and residual stresses (Ueda and Tall [3]) added to 
the body of knowledge.  Tests on twelve I-section beams under moment gradient by Lukey 
and Adams [4], and eleven tests of Kato [5] were in reasonable agreement with the previous 
analytical slenderness predictions. 

Initial investigations of web local buckling were performed by Lyse and Godfrey [6], and 
then extended by Haaijer [7], and Haaijer and Thurlimann [8].  Della-Croce [9] and Costley 
[10] performed tests on continuous I-section beams.  Holtz and Kulak [11, 12], Perlynn and 
Kulak [13], Nash and Kulak [14] conducted experimental investigations, while Dawe and 
Kulak [15, 16, 17, 18] produced a computer program to analyse local buckling of I-sections to 
include flange-web interaction, residual stresses, yielding and strain hardening.   

The references above represent some of the detailed data that went towards the beam 
classification slenderness limits in modern steel design standards that have been relatively 
unchanged since the early 1980s.  The approach has been to set independent limits for the 
flange and the web.  However, there have been many studies that have shown that there is 
interaction between the flange and web when determining section classification. 

Kato [19, 20] produced elliptical limits to consider flange - web interaction for various 
classes of sections. Kuhlmann [21] established a relationship for I-sections between flange 
slenderness and rotation capacity which included interaction with the web based on a series of 
24 tests on I-sections.  Beg and Hladnik [22] performed tests on ten I-sections and then used 
finite element analysis to produce Class 3 limits for I-sections that incorporated interaction 
between the flange and the web.  Kemp [23, 24, 25] produced flange and web slenderness 
limits that accounted for interaction between lateral buckling, and local buckling of the 
flanges and webs of I-sections.  Stewart and Sivakumaran [26] produced Class 1, 2 and 3 
limits for I-section beams that accounted for flange - web interaction.  A recent finite element 
parametric study by Rekha and Kalurkar [27] supports the local buckling interaction between 
the web and the flange of an I-beam.  Furthermore, there have been recent proposals to 
include interaction considerations into de- sign codes.  For example, Shokouhian [28] 
generated numerical models using non-linear finite element methods aided by ANSYS 
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software. He proposed that the Chinese steel design code should adopt a generalised 
slenderness definition to generate new criteria accounting for web-flange interaction on local 
buckling. 

1.3 Aim this paper 

Plate web girders often have slender webs and compact flanges to maximise the 
distribution of area away from the neutral axis.  For such shapes, the contribution that the web 
makes to the overall moment capacity of the beam can be less than 20 %.  Even though 
interaction between flange and web may be present, local buckling in the web of such a 
section may therefore have minimal impact on the capacity of the beam.  The aim of this 
paper is to use finite element analysis to focus on interaction effects particularly for sections 
with slender webs. 

2 FINITE ELEMENT ANALYSIS OF I-SECTIONS 

This paper is significantly based on the undergraduate university theses of Robinson [29] 
and Kugendran [30].  Full details of methodology and results are available in those 
references.  Finite element analysis was performed in ABAQUS using 4 noded shell elements. 

2.1 Geometry and material properties 

Typically, the flanges of an I-section represent approximately 60% of the total sectional 
area, while the remaining 40% area is in the web. As such, the flanges of an I-section 
contribute to the majority of the I-beam’s moment capacity, approximately 80%. Therefore, it 
is important to investigate realistic web and flange slenderness to minimise large relative size 
differences in web and flange elements. To avoid unrealistic web and flange combinations, an 
upper and lower limit was set such that the ratio of web slenderness to flange slenderness was 
no greater than 20 and no less than 6, (6 ≤ λw /λf ≤ 20). Figure 3 plots the realistic data points 
adopted.  

Figure 3: Range of flange and web slenderness in the study 

 

Figure 4 illustrates the dimensions of the model.  The dimensions of the I beam were 
chosen with respect to some of the larger standard Universal Beams (UB) produced by 
OneSteel Australia (i.e 610UBs). As a general rule of thumb, a length of 3 times the section 
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depth was assigned to the model as this would be a sufficient length to promote local buckle 
while simultaneously minimising the effects of flexural torsional buckling.  Different flange 
and web slenderness was achieved by varying the flange and web thickness. 

The flange slenderness was defined as λf = b/tf (ie it is based on the “flange outstand” or 
“half flange” width), and the web slenderness defined as λw = d/tw using the symbols defined in 
Figure 4. 

 

 
Figure 4: Dimensions of I-beam model 

 

Elastic and plastic material properties of typical steel beams were considered.  Figure 5 
illustrates the stress-strain response for the 3 various yield stresses. The 3 material properties 
were chosen with the intent to study the effect of different yield stresses on plate slenderness 
interaction and classification. 
 

 
 

Figure 5: Material properties of steel used 

 

2.2 Loading and Boundary Conditions 

 

The load and boundary conditions (BC) were designed to induce pure bending actions 
along beam, and to promote pure local buckling. Figure 6 indicate the boundary conditions 
and loads applied to the model. The boundary condition applied to ends of the beam (RP1, 
RP2) and at the web-flange intersection along the beam prevents flexural torsional buckling; 

True stress 

σy = 450 
σy = 400 
σy = 350 

 
Elastic Plastic

True strain
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by fixing the out-of-plane flexure along the x-direction and the end rotations about the Z-
direction. 

The loads are applied by inducing an equal and opposite rotation at the centre ends of the 
beam (RP1, RP2). In order to translate the rotation across the section ends of the beam, a rigid 
body PIN constraint is used. The rigid bodies were assigned across the entire end sections and 
linked to their respective end Reference Points (RP1, RP2). By doing this, the motion of the 
rigid body is constrained by the motion the Reference Points (RP). Consequently, the rotation 
applied to the reference point governs the entire rigid body. The PIN constrain was used for 
the rigid bodies as it does not transmit the rotational fixtures (if any) applied on the Reference 
Points (RP). 

 

 

Figure 6:  Loading and boundary conditions 

 

2.3 Analysis process and scope limitations 

A static, Riks analysis was used for the analysis.  Given this was an undergraduate thesis, 
the scope needed to be limited, and a number of parameters that might normally be included 
could not be considered.  These were imperfections, residual stresses, wider range of flange 
and web dimensions, and benchmarking against experimental results.  Without all these 
inclusions, the absolute value or positioning of results is not guaranteed, but the trends and 
general relationships between parameters would be reasonable, and a good starting point for 
more rigorous analysis later.  Mesh refinement was carried out. 

3 RESULTS 

3.1 Section classification 

For each data point of web and flange slenderness combinations, the moment v rotation 
output was used to classify a section as slender (S), non-compact (NC) or compact (C). Two 
methods of classifications were adopted, that is, the numerical method and the numerical 
graphical correction method.  

The numerical method was based on the maximum moment achieved by a section. This 
was then compared with the theoretical yield moment (My) limit and the effective plastic 
moment (Mpe) limit. The Mpe takes a proportion of the theoretical plastic moment (Mp) that is 



T. WILKINSON et al. 

 

 

 
7

considered to be effectively plastic. This accounts for the area towards the middle of the 
section which experiences minimal strains, and thus is unable to achieve plasticity. The 
proportion of effective plasticity was determined by observation of the moment v rotation 
curve of sections that have reached a moment plateau (reached plasticity) slightly below the 
Mp value. Therefore, a proportion is used to allow the sections with moment plateau curves to 
reach plasticity while keeping the non-plateau moment curves below plasticity. Subsequently, 
values of 99.45%, 99.28% and 98.77% were used as the proportion that is effectively plastic 
for material yield stress (σy) of 350, 400 and 450 MPa respectively.  Results using this method 
are shown in Figure 7. 

The numerical graphical correction method is an adjustment of the numerical method. 
Slender sections with moment v rotation graphs that indicates NC behaviours (non-linearity) 
but with maximum moments just below the yield moment limits were re-classified as NC.  
Results via this method are given in Figure 8. 

The classification plots were fitted with two horizontal boundary lines that separated the C, 
NC and S regions. Horizontal boundary lines 2 (B2) were placed within the region that 
consisted of both S and NC sections, and were fitted to impose an equal weighted average 
number of NC sections above and below the boundary line. 

A qualitative judgement, by inspection of the buckled shape, was made as to whether the 
flange or web appeared to buckle first.  This was an inexact methodology, as once one 
element experience a local buckle, the other element would deform out of cross-sectional 
flatness due to compatibility.  This is compared with a theoretical critical element based on 
classical elastic critical buckling stress, using an appropriate value of k = 0.425 (flange – one 
edge free) or k = 23.9 (web – 2 edges supported with stress gradient), 
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Figure 7:  Results – Numerical method 

 

Figure 8:  Results – Graphical method 

 

Figure 9:  Results – critical element 
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4 DISCUSSION 

4.1 Section classification and slenderness limits 

The traditional concept of section classification where flange and web limits are 
independent is illustrated in Figure 10.  Figure 11 shows an idealised representation of limits 
when interaction between the flange and web is considered. 

 

Figure 10:  Conceptualised classification with independent flange and web limits 

 

 

 

Figure 11:  Conceptualised classification incorporating interaction 

 

The classification plots (Figure 7 & 8) were generated to investigate the effects of web and 
flange interaction on the slenderness limits of I-beams.  Both the numerical and graphical 
correction method yielded similar results with consistent trends and behaviours.  The flange 
yield slenderness limit (B2) indicates a decreasing limit for material properties with 
increasing yield stress.  These values (approximately 13 for plastic limit and 25 for the yield 
limit) are notably higher than current design rules – but this is to be expected due to the lack 
of inclusion of residual stresses and imperfections. 

The plots show no clear zone (or vertical boundary) between classes, suggesting that the 
web slenderness is irrelevant and only the flange is important.  The inexistence of any web 
slenderness limit was unexpected, and is thus an indication of the limitations of the adopted 
method.  

This could possibly be explained by looking at the distribution of stresses through the web 
and flanges of a section.  Usually a web local buckle caused by bending is located about two-
thirds up the length of a web (assuming compression at the top and tension at the bottom).  
Hence the ineffective area that is no longer contributing to the moment capacity is both small 
and close to the neutral axis, and only makes a very small contribution to the moment 
resistance.  If reaching theoretical yield or plastic moment is allowed a small amount of 
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under-tolerance (say 98%), then a web local buckle is unlikely to prevent the section from 
reaching its capacity, assuming the flange is still fully effective. 

 

4.1 Critical element 

The theoretical critical element was plotted in Figure 9, based on the flange or web that 
had the lower elastic plate buckling stress, using k = 0.425 (flange – one edge free) or k = 23.9 
(web – 2 edges supported with stress gradient), and compared to the observed buckling 
element. 

Initial observations made from comparing the theoretically and visually (FEA) determined 
critical element (Fig 9) shows the dominant change from web critical (theory) to flange 
critical (FEA).  The critical stress then depends on the corresponding plate buckling 
coefficient, k. During the initiation of a web buckle, the flange provides the web with some 
longitudinal rotational edge restraint which effectively increases the buckling coefficient of 
the web, kweb, thus mathematically increasing the critical stress of the web (fcr,web). This leads 
to a switch in critical element as the critical stress of the web increases to a value greater than 
critical stress of the flange (fcr,web > fcr,flange). 

A closer observation of the change in critical element indicates that the change from 
theoretical web to visual (FEA) flange buckling consistently occurs for webs with greater 
slenderness. As the web slenderness decreases, the frequency of this change is reduced. In 
other words, there seems to be greater theoretical agreements of web buckling as the 
slenderness of the web decreases. Significant convergence of agreement (theoretical and 
visual FEA) tends to occur for web slenderness of approximately 120 and below. This 
behaviour is consistent across the various material properties adopted. It was established that 
the flange provides the web with some longitudinal rotational edge restraint; however the 
significance of this tends to diminish for webs with lower slenderness. This is likely due to 
the fact that the relative longitudinal rotational edge restraint provided by the flange to the 
web reduces for sections with lower web slenderness. As such, the relative longitudinal 
rotational edge restraint provided to the web is inadequate to cause a sufficient increase in the 
critical stress of the web, thus not allowing for a change in critical element. The web 
therefore, remains critical as the critical stress of the flange remains greater than the critical 
stress of the web (fcr,web < fcr,flange). 

As the slenderness of the web decreases and consequently becomes stiffer, the degree of 
relative longitudinal rotational edge restraint provided from the flange to the web decreases.  
These observations suggest that the theoretical prediction of web buckling is only true for 
sections with lower web slenderness 

 

10 CONCLUSION 

The results generated from the computational experiments for a range of hot rolled I-
sections with varying web and flange slenderness, as well as material properties with different 
yield stress were presented. For sections with high web slenderness, the results successfully 
provided evidence to support claims for the significance of web-flange interaction. Further, it 
is clear that the conventional approach of theoretically simplifying the web-flange interaction 
to a pin boundary condition is unjust for sections with high web slenderness. However, 
theoretical agreements for sections with low web slenderness justify the theoretical approach 
of predicting web buckling. Therefore, the usage of plate buckling theory to predict web 
buckling is only reasonable for more compact sections. 
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The results also provided reason for the formation of a relation between the degree of web- 
flange interaction and the geometrical property of an element. 

In terms of section classification and slenderness limits, the results failed to bring to light 
the effects of web-flange interaction. This is likely attributable to the limitations of the 
adopted method. It is suggested that the exclusion of residual stress is a major contributor to 
the formation of unlikely results. Thus, this signifies the importance of a parametric study to 
accurately investigate the classification and slenderness limits of an I-beam. 

The results indicated some significant web-flange interaction as well as some limitations in 
the approach taken. Further study is required to examine the specific impacts of web-flange 
interaction for a more quantifiable and theoretical refinement of the findings. 

An extension of the derived hypothesis will allow for a greater understanding of the degree 
of rotational restrictions inflicted by the web-flange interaction. This could be done by 
examining the geometrical properties of the elements in relations to its stiffness. Specific to 
the findings of this thesis, it is recommended that an investigation be conducted with the aim 
to form a relative relation between the flange’s rotational stiffness with the rigidity of the 
web. This could lead to findings describing and quantifying the change in critical element for 
I-beams of various web and flange slenderness combination. 

With the intention of rendering the limitations of the adopted method, it is recommended 
that a parametric study be conducted to allow for a sensible inclusion of residual stress and 
imperfections. This will allow for realistic simulations of I-beams under pure bending. 
Therefore, the effect of web-flange interaction on the classification and slenderness limits of 
I–beams can be assessed with greater certainty. Additionally, the inclusion of the true stress v 
strain response of steel should be used for material properties of higher yield stress as this 
allows for greater resemblance of material behaviour. 

 

REFERENCES 
 
[1] Lay, M. G., (1965), “Flange Local Buckling in Wide-Flange Shapes”, Journal of the Structural 

Division, American Society of Civil Engineers, Vol 91, No ST6, pp 95 - 116, December 1965. 

[2] Johnston, B. (Ed.), (1976), Guide to Stability Design Criteria for Metal Structures, Structural 
Stability Research Council, 3rd edition, John Wiley.  

[3] Ueda, Y. and Tall, L., (1967), “Inelastic Buckling of Plates with Residual Stresses”, 
Publications, International Association for Bridge and Structural Engineering, Vol 27, 1967, pp 
211 - 254. 

[4] Lukey, A. F. and Adams, P. F., (1969), “Rotation Capacity of Beams Under Moment Gradient”, 
Journal of the Structural Division, American Society of Civil Engineers, Vol 95, No ST6, 
pp 1173 - 1188. 

[5] Kato, B., (1965), “Buckling Strength of Plates in the Plastic Range”, Publications, International 
Association for Bridge and Structural Engineering, Vol 25, 1965, pp 127 - 141. 

[6] Lyse, M. and Godfrey, H. J., (1934), “Investigation of Web Buckling in Steel Beams”, 
Transactions, American Society of Civil Engineers, Paper No 1907, 1934, pp 675 - 695. 

[7] Haaijer, G., (1957), “Plate Buckling in the Inelastic Range”, Journal of the Engineering 
Mechanics Division, Proceedings of the American Society of Civil Engineers, Vol 83.  No 
EM 2, April 1957, Proceedings Paper No 1212. 



T. WILKINSON et al. 

 

 

 
12

[8] Haaijer, G. and Thurlimann, B., (1958), “On Inelastic Buckling in Steel”, Journal of the 
Engineering Mechanics Division, Proceedings of the American Society of Civil Engineers, 
Vol 84.  No EM 2, April 1958, Proceedings Paper No 1581. 

[9] Della-Croce, A., (1970), “The Strength of Continuously Welded Girders with Unstiffened 
Webs”, CESRL Thesis No 70-1, University of Texas at Austin, USA. 

[10] Costley, H. E., (1970), “Lateral and Local Stability of Continuous Beams”, CESRL Thesis 
No 70-2, University of Texas at Austin, USA. 

[11] Holtz, N. M. and Kulak, G. L., (1973), “Web Slenderness Limits for Compact Beams”, 
Structural Engineering Report No 43, Dept of Civil Engineering, University of Alberta, Canada. 

[12] Holtz, N. M. and Kulak, G. L., (1975), “Web Slenderness Limits for Non-Compact Beams”, 
Structural Engineering Report No 51, Dept of Civil Engineering, University of Alberta, Canada. 

[13] Perlynn, M. J. and Kulak, G. L., (1976), “Web Slenderness Limits for Compact Beam-
Columns”, Structural Engineering Report No 50, Dept of Civil Engineering, University of 
Alberta, Canada. 

[14] Nash, D. S. and Kulak, G. L., (1976), “Web Slenderness Limits for Non-Compact Beam-
Columns”, Structural Engineering Report No 53, Dept of Civil Engineering, University of 
Alberta, Canada. 

[15] Dawe J. L. and Kulak G. L., (1981), “Local Buckling of W Shapes Used as Columns, Beams 
and Beam-Columns”, Structural Engineering Report No 95, Dept of Civil Engineering, 
University of Alberta, Canada. 

[16] Dawe, J. L., and Kulak, G. L., (1984a), “Plate Instability of W Shapes”, Journal of Structural 
Engineering, American Society of Civil Engineers, Vol 110, No 6, June 1984, pp 1278-1291. 

[17] Dawe, J. L., and Kulak, G. L., (1984b), “Local Buckling of W Shape Columns and Beams”, 
Journal of Structural Engineering, American Society of Civil Engineers, Vol 110, No 6, June 
1984, pp 1292-134. 

[18] Dawe, J. L., and Kulak, G. L., (1986), “Local Buckling Behaviour of Beam-Columns”, Journal 
of Structural Engineering, American Society of Civil Engineers, Vol 112, No 11, November 
1986, pp 2447-2461. 

[19] Kato, B., (1989), “Rotation Capacity of H-Section Members as Determined by Local Buckling”, 
Journal of Constructional Steel Research, Vol 13, 1989, pp 95 - 109. 

[20] Kato, B., (1990), “Deformation Capacity of Steel Structures”, Journal of Constructional Steel 
Research, Vol 17, 1990, pp 33 - 94. 

[21] Kuhlmann, U., (1989), “Definition of Flange Slenderness Limits on the Basis of Rotation 
Capacity Values”, Journal of Constructional Steel Research, Elsevier, No 14, 1989, pp 21-40. 

[22] Beg, D. and Hladnik, L., (1996), “Slenderness Limit of Class 3 I Cross-sections Made of High 
Strength Steel”, Journal of Constructional Steel Research, 38(3), pp 201-217. 

[23] Kemp, A. R., (1985), “Interaction of Plastic Local and Lateral Buckling”, Journal of Structural 
Engineering, American Society of Civil Engineers, Vol 111, No 10, October 1985, 
pp 2181-2196. 

[24] Kemp, A. R., (1986), “Factors Affecting the Rotation Capacity of Plastically Designed 
Members”, The Structural Engineer, Institution of Civil Engineers, Vol 64B, No 2, June 1986, 
pp 28-35. 

[25] Kemp, A. R., (1996), “Inelastic Local and Lateral Buckling in Design Codes”, Journal of 
Structural Engineering, American Society of Civil Engineers, Vol 122, No 4, April 1996, 
pp 374-382. 

[26] Stewart, J. and Sivakumaran, K. S., (1997), “Analysis for Local Buckling Limits and Ductility 
of Steel Members”, Proceedings, 1997 Annual Conference of the Canadian Society for Civil 
Engineering, Sherbrooke, Canada, May 1997, Vol 4, pp 59-68 



T. WILKINSON et al. 

 

 

 
13

[27] Rekha, M. Bhoi and Prof. L. G Kalurkar (2014). “Study of Buckling Behaviour of Beam and 
Column”. In: Journal of Mechanical and Civil Engineering (IOSR-JMCE). 

[28] Shokouhian, Mehdi (2014). “Classification of I-section Flexural Members Based on Member 
Ductility”. In: Journal of Construction Steel Research. 

[29] Robinson, J, (2015), “The Influence of Web-Flange Interaction on Local Buckling of I-Beams 
Subjected to Pure Bending”, Thesis, School of Civil Engineering, The University of Sydney. 

[30] Kugendran, A, (2015), “The Influence of Web-Flange Interaction on Local Buckling of I-Beams 
Subjected to Pure Bending”, Thesis, School of Civil Engineering, The University of Sydney. 



<<
  /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


