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INTRODUCTION

onded composite repairs of metallic structure have become a useful aircraft structural life extension solution over
the last two decades. These repairs provide an efficient method for restoring the ultimate load capability of the
structure [1]. Alan Baker [2, 3] was the first otherwise the pioneer of these searches in the aeronautical and
maritime research laboratory of the Royal Australian Air Force.
The first published study on the corrosion of composite metal matrix (CMM) materials was probably that of Porter and
Wolff in 1967. Current CMM corrosion resistance publications focus on matrix materials for the most part of aluminum
reinforced with carbon or silicon carbide, with fibrous or particulate form.
Composite materials with aluminum matrix reinforced with carbon fibers (C/Al) ate the subject of this publication work.
Composite materials (C/Al) cleatly show very low resistance to cotrosion in chloride media, whether in marine
atmosphere, salt spray or immersion in seawater [4].
The various journals, gathering the results obtained on this topic before (1997), distinguish two main forms of corrosion
in these materials: the hydrolysis of aluminum carbides (Al4C3) and the galvanic corrosion between carbon and aluminum
[5, 6].Corrosion of composite materials (C/Al) is a topic that cannot be addressed without studying the influence of alloy
reinforcement on corrosion resistance. The vast majority of authors are interested in the chemical nature of the
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reinforcements (silicon catbide, carbon, alumina, boron), but few of them have studied their volume fraction in the
material, their morphology and the fiber / matrix interfaces.

Recently, some studies have taken into account the effect of corrosion on composite patch repair. Berrahou and Bachir
Bouiadjra [7] analysed the damage of the adhesive for different forms of patch in the repair of aluminum plates by
composites, The obtained results show that the adhesive damage localized at the level of corrosion and in the sides of the
patch, and the rectangular patch offers high safety it reduces considerably the risk of the adhesive failure.

In another study, Berrahou et al [8] studied the effect of the corrosion of plate with double cracks in bonds composite
repair the obtained results show that the crack on the left side creates a very extensive area of the damaged zone and gives
values of the stress intensity factor (SIF) higher than that on the right side. We can conclude that the left crack is more
harmful (dangerous) than that on the right side.

The protection of aluminum alloys against marine corrosion is a topic that has been widely studied to date. The books
dedicated to this subject ate numerous and exhaustive [9]. The usual techniques used to protect aluminum have been
tested on composite materials (C / Al).

About the effect of the patch form, Bachir Bouiadjra et al [10] compared the two rectangular and trapezoidal patch forms.
They showed that the trapezoidal shape improves the efficiency and durability of repair.

The finite element method has been used for the study of the crack patching by many authors, we can quote: Many
researchers have studied crack reinforcement of stiffeners or pre-stresses on the stress intensity factor at the cracks tip or
notches by the optical method of caustics [11-13].

The damaged area criterion has been proposed to analyse the damage in the adhesive [14, 15]. This criterion assumes that
the material breaks once the measured stress exceeds the ultimate strength of the material. Damage in the adhesive layer
occurs when the deformations or stresses in the adhesive are locally larger than the ultimate properties of the materials.
The break in the adhesive does not occur by the propagation of cracks in the substrate, but rather by the initiation and
propagation of the damaged area in the layer containing defects such as micro-cracks or voids [16]. The surface area of the
adhesive is defined by a surface, where the deformations of the maximum permissible deformation and the breaking load
of the glue joints have been determined experimentally. This model has been widely used in the literature to predict the
detachment of the adhesive. Chang-Su Ban et al [17] introduced modifications on the model of the damage zone of
Sheppard et al [15].

The ratio of the damaged area has been suggested for the prediction of the breaking load of the glue joint. For the epoxy
adhesive (FM 73), it has been shown that the ratio of the damaged area corresponding to the failure of this adhesive is
0.247. Apalak et al [18] used the damaged zone theory to analysis of the effects of thermal stresses in the glue joint. They
showed that damage can be expected in composites as well as in the adhesive when using soaked adhesives.

Recently, several papers describing the damage zone theory published. We note the work of [7, 8] which work on the
effect of the cotrrosion on the damage of the adhesive (FM73) on the repair efficiency and we noted also that [19] has
estimated the adhesive damage and failure in the bonds composite repair of aircraft structures using modified damage
zone theory. Benyahia et al. and Ramyji et al. [20, 21] analysed four different shapes (rectangular, trapezoidal, circular and
elliptical). Benyahia and Fari Bouanani [22] evaluated the effect of water absorption on the adhesive damage in the bonds
composite repair of aircraft structures.

In this study, a three-dimensional finite element method is used to analyse the effect of the corrosion on the damage of
the FM73 epoxy adhesive of bonded composite repair of aircraft structures. After variation of the crack inclination 0 =
(15-30-45-60-75)°, and determination of different graphs of the ratio of the damaged zone and the cutves of variation of
stress intensity factor, one proceeds to the comparison between the different forms of the patch to determine the effect of
the angle of the crack.

GEOMETRICAL AND FE MODELS

ot the study of the repaired mode II crack behaviour, we consider an aluminum plate (Al 2024-T3) having the following

dimensions: Hp=254mm, Wp=254mm and e, =5mm, with a crack inclined at an angle 0.

The plate is subjected to uniaxial load o = 100MPa presented in Fig. 1. The crack is repaired with a patch boron /
epoxy, the thickness ep,= 1.5 mm and the adhesive (FM-73) properties Gp.= 0.420GPa and the thickness of adhesive it’s
ead = 0.15mm. The mechanical properties of the patch plate and of the adhesive are shown in Tab. 1. The geometric shape
of the corrosion used is randomly in 3D with a thickness 0.25mm, before repairing the structure, the corroded area is
cleaned to remove the Corrosion film and keep the same mechanical properties.
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The considered plate was subjected to uniaxial tensile load in the vertical direction under a stress ¢ =100 Pa. The
commercial finite elements code ABAQUS V.6.11 was used for computation Abaqus [23]. The mesh model contains
47150 linear hexahedral elements of type C3D8R and 35965 quadratic tetrahedral elements of type C3D10 (8 nodes
biquadratic plane stress with reduced integration) with a grid refined and structured in the vicinity of the notch as shown
in Fig. 1. Total number of nodes 124248. In the presence of principal crack, the number of the quadrilateral elements of
type CPS3 (3 nodes linear plane stress triangle). Plane stress conditions were assumed.

_We=254mm

corroded area

H#=254mm

Figure 1: Geometrical model.

The singularity at the crack tip by special quarter-point elements [24]. The parameters of crack, K; and Kjr are given by the
stresses at the crack tip. At the crack tip 160 quadrilateral linear elements were considered Fig. 1. However, to generate
crack front some brick elements are replaced by “crack-blocks”. These crack-blocks are meshes of brick elements, which
are mapped into the original element space and merged with surrounding mesh. The mesh was refined near the crack tip
area with an element dimension of 0.05 mm using at least fifteen such fine elements in the front and back of the crack
front. Fig. 2 shows the total mesh of the corroded plate and the mesh for different forms of glue. The stress intensity
factor (SIF) at the crack front was extracted using the virtual crack closure technique (VCCT).

The crack tip stress intensity factors are calculated using the Virtual Crack Closure Technique (VCCT) on the basis of the
energy balance. In this technique, the stress intensity factors are obtained for the three failure modes according to the
equation:

Gr =G +Gy + Gy ©)
and
K?
G =—- 2
Qal= @

where G; is the rate of energy restitution for mode 7, K; is the stress intensity factor for mode 7 I, II, III) and E is the
modulus of elasticity.

RESULTS AND DISCUSSION

patch glued with an adhesive. By applying a low intensity charge the damage is observed at the edges of the patch.
This damage occurs because the material is subjected locally to deformations higher than the deformation. Under
average load, damaged areas grow in size and the concentration of points in damaged areas increases. Because the
breaking load is reached, the damaged area within the adhesive gets a critical size and with the merging of the individual

I n theoty, it is stipulated that after the development of a damaged area there is an appearance of crack initiation in the
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components a crack is formed. Numerically, the damaged zone can be identified by the marking of the elements for which
a criterion of rupture is exceeded. The analysed adhesive is a ductile adhesive. Therefore, the failure criterion used for
cohesion damage of the adhesive layer is equivalent to the Von Mises deformation criterion.

Corroded Area

Rectangular adhesive
Trapezoidal adhesive

Circular adhesive Ellipsoidal adhesive

Figure 2: (a) Mesh of the corroded plate, (b) Mesh for different shapes of glue.

Material
Property Aluminum Boron/Epoxy Adhesive Description
(AI'T2024) FEM 73

E, 72 200 4.2 Young's modulus in X direction (GPa)
E» 19.6 Young's modulus in Y direction (GPa)
Es 19.6 Young's modulus in Z direction (GPa)
vi2 0.33 0.3 0.32 Poisson's Ratio in X-Y plan

v13 0.28 Poisson's Ratio in X-Z plan

v23 0.28 Poisson's Ratio in Y-Z plan

Gz 7.2 Shear modulus in X-Y plan (GPa)
Gis 5.5 Shear modulus in X-Z plan (GPa)
G 5.5 Shear modulus in Y-Z plan (GPa)

Table 1: Mechanical proprieties of materials.
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With &4 it’s the equivalent deformation, & are the plastic deformations in the different directions and v the Poisson's
ratio. For the epoxy adhesive (FM 73), the damaged area is defined as a domain in which the deformation exceeds the
ultimate deformation of 7.87% Chang-Su Ban et al [17] see Fig. 3. The adhesive failure criterion for the damaged area
should be used. For isotropic materials, fracture criteria such as Von-Mises and Tresca can be used to better understand
the take-off of the adhesive. In addition, the detachment of the joints can be predicted using the damaged area ratio
method defined as follows.

DR:ZAZ-
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Figure 3: Stress-strain curve of FM 73 epoxy adhesive.

Effect of crack inclination on the variation of the ratio of the damaged area of the adhesive

The effect of the inclination of the crack is shown in Figs. (4, 6, 8 and 10). These show the variations of the damaged area
of the adhesive as a function of the slope of the crack (€) for a constant length (a = 30 mm) repaired by simple patch.
The thickness of the adhesive e, = 0.15 (mm) and the thickness of the patch ey = 1.5 mm was fixed for different patch
shapes (rectangle, trapezium, circle and ellipse) and for an applied load equal to 100 MPa, firstly, then the crack
inclinations 6 = (15-30-45-60-75) © were varied, after the determination of different ratio graphs of the damaged zone and
the factor variation curves. The intensity of constraints one can make a comparison between the different forms of the
patch to determine the effect of the crack inclination.

Rectangular patch

Fig. 4 shows the evolution of the damaged area according to the slope of the crack. In general, we find that the more the
crack inclination increases more than the area of the damaged area increases. In the case of 0 = 15° we note the presence
of a very small damaged area surrounding the crack and the periphery of the patch. Comparing the obtained results for
the inclinations 0 = 45¢ and 0 = 75° to those of 0 = 15 °, we notice an increase in the size of the progressively damaged
zone and a slight increase in the area around the periphery of the patch.

Fig. 5 highlights the ratio of the damaged atea as a function of crack inclination. A steep slope is observed at the
beginning of the graph, which explains the rapid increase. Then, it slows down gradually to 35%, which is equivalent to a
4% decrease in the damaged area. For comparison between the values observed for the inclinations of (0) ranging from
15° to 30° on the one hand and from 40° to 75° on the other hand. For the first case we have (D) which varies from 0.23
to 0.241, The increase is large and very fast, as for the second case the variation of the ratio of the damaged zone is not
significant because the (Dg) varies from 0.2415 to 0.242. The obtained results in this study are always lower than the
critical value (Drc) and this whatever the value of the inclination of the crack.
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@) (b) ©
Figure 4: Damaged zone for a rectangular patch (a) 0 = 15°, (b) 6 = 45° and (c) 0 = 75°.

critical D__

0,244 4

0,242 4

0,240 4
—m— rectangular patch ]

0,238 4

0,236

ratio of the damaged zone D

6(*)

Figure 5: Ratio of the damaged area as a function of the crack tilt.

Trapezoidal patch

The problem is to know the extent of the damaged area of adhesive as it was done before. Fig. 6 notes that we have the
same behavior observed in Fig. 4. We note proportionality between the inclination of the crack and the damaged area.
Comparing the cases of Fig. 6.a and 6.c it is clear the increase of the damaged area (shown in gray) as well as a slight
increase of the damaged area at the edges of the patch.

@ (b) )
Figure 6: Damaged zone for a trapezoidal patch (a) 0 = 159, (b) 6 = 45° and (c) 6 = 75°.

As it was observed previously in the case of Fig. 5, the (Dg) increases with the increase of the inclination of the crack. Fig.
7 shows the variation of the ratio of the damaged area as a function of crack inclination. We observe two distinct parts of
the first curve between 0 = 15¢ and 0 = 30° where the slope is small and therefore a small variation of the Dg (0.25-0.27).
In the second part of the curve between 0 = 30° and 0 = 75°¢ we note that the slope is significant and constant the values
of Dr (0.27-0.42). All values of (Dr) obtained ate greater than that of Dgc for all angles of inclination.

Circular patch

Fig. 8 shows the variation of the damaged area using a circular patch. The findings made previously are very cleatly visible
here. Increasing the crack tilt directly leads to an increase in the size of the damaged area. The increase in the damaged
area at the periphery of the patch is very visible compared to rectangular and trapezoidal shapes.
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Figure 7: Ratio of the damaged zone according to the crack tilt.
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Figure 8: Damaged zone for a circular patch (a) 6 = 15°, (b) 6 = 45° and (c) 6 = 75°.

©

The Fig. 9 shows the variation of the ratio of the damaged zone as a function of the inclination. Whatever the value of the
inclination of the crack, it is noted that the critical value Dgc has not been reached, and that the increase in the crack

inclination directly leads to the increase of Dr.
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Figure 9: Ratio of the damaged zone according to the crack tilt.
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Elliptical patch

Fig. 10 illustrates the distribution of the damaged area of the adhesive for the following inclinations (0 = 15°, 6 = 45° and
0 = 75°). By comparing the results found previously for patches of shapes (rectangular, trapezoidal and circular) to those
of the elliptical we notice the appearance of the damaged area at the level of corrosion. This zone is visibly clear for 0 =
75¢ that 6 = 45¢,

Same remarks as the previous cases, an increase in the inclination of the crack causes the increase of the damaged area
surrounding crack as well as the area of the patch device.

()
Figure 10: Damaged zone for a circular patch (a) 6 = 15°, (b) 6 = 45° and (c) 6 = 75°.

Curve 11 represents the values of the ratio of the damaged area of the adhesive which increase progressively with
increasing crack inclination. Starting from the value of Dr = 0.0795 for 6 = 15° until reaching the maximum value of
Dr = 0.083 for 0 = 75°. Note the critical value of the ratio (Drc = 0.247) is not reached.
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Figure 11: Ratio of the damaged zone according to the crack tilt.

Comparison between the different (Dr) according to the inclination of the crack for the different forms of patch

In order to see the effect of the ratio of the damaged area for different inclinations of the crack the graph of Fig. 12 is
analysed. It is noted that the increase of the crack inclination leads to an increase of (Dg) for all the different forms of
patch used. The Dr recorded for the trapezoidal shape is greater than the critical value which is a risk of detachment of
the patch from which this form is to be avoided for repair. On the other hand all the other forms give values of Dg lower
than the critical value (Drc = 0.247). Among the results obtained the elliptical form is the best because it gives the
minimum value of Dr.

Effect of the inclination of the crack on the variation of the STF
The Figs. 13 and 14 respectively represent the variations of the SIF in mode I and II as a function of the inclination of the
crack for respective thicknesses of the adhesive and of patch e,= 0.15 mm, e, = 1.5 mm and a crack size a = 30mm.
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Figure 12: Ratio of the damaged zone according to the crack tilt for the different patch shapes.
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Figure 13: Variation of the (SIF) in mode I of the inclined crack for the different shape of patch (a = 30 mm)
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Figure 14: Variation of the (SIF) in mode II of the inclined crack for the different shape of patch (a = 30mm).
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Fig. 13 shows that the Kj value for different patch shapes decreases with increasing angle @ . The reduction of the SIF
values between the ellipsoid and circular shaped patch is evaluated at 85% and about 20% for the trapezoidal and
rectangular shapes. When the value goes to the angle 6= 75 ° the value of SIF tends to zero. For angle =0 ° we have a
putre mode I from which the opening of the crack is maximum with high SIF values. For angle 6 = 75 °, the crack being at
a position almost parallel to the loading the SIF values tend to zero. Concerning the mixed mode of SIF, according to Fig.
14, this factor (characterizing the sliding of the crack) is zero when the crack is perpendicular to the direction of loading,
which passes through a maximum then tends towards a minimum when the inclination the crack tends to the angle 6= 75
°. The value of Ky is maximum for the angle 6= 45 ° for all forms. Circular and ellipsoidal shapes give higher Ky values
than rectangular and trapezoidal shapes.

CONCLUSION

calculate the ratio of the damaged area and to determine the stress intensity factor, then compare the results for
the different shapes of the patch (rectangular, trapezoidal, circular and ellipsoidal), with an inclined crack (mixed
mode) the results obtained allow the following conclusions:
-The increase of the crack inclination leads to an increase of Dr for all the different forms of patch used.
-The risk of detachment of the patch can be observed for the trapezoidal shape which is due to Dr greater than the critical
value for the different 0.
- The K value decreases with the increase of the angle and the Ky value is maximum for the angle 6 = 45 © for all the
shapes of the patch.

T his work involves evaluating the damaged area of the adhesive from the effect of crack tilt. The objective is to

REFERENCES

[1] Bachir Bouiadjra, B.B., Achour, T., Berrahou, M., Ouinas, D. and Feaugas, X. (2010). Numerical estimation of the
mass gain between double symmetric and single bonded composite repairs in aircraft structures, Mater. Des., 31, pp.
3073-3077. DOL: 10.1016/j.matdes.2010.01.006.

[2] Baker, A. (1984). Repair of cracked or defective metallic aircraft components with advanced fiber composites-an
overview of Australian work, J. Compos. Struct., 2, pp. 153-8. DOI: 10.1016/0263-8223(84)90025-4.

[3] Baker, A. (1995). Bonded composite repair of metallic aircraft components overview of Australian activities,
AGARD-CP-550, pp. 1-14.

[4] Pfeifer, W.H. (1977). Gtaphite/aluminum technology development, Hybrid and select metal matrix composites: A
state-of-the-art review, pp. 159 — 252.

[5] Turnbull, A. (1992). Review of corrosion studies on aluminum metal matrix composites, British Corrosion Journal,
27, pp- 27-35. DOI: 10.1179/000705992798268864.

[6] Jones, R. and Chiu W.K. (1999). Composite repairs to crack in thick metallic components, Compos. Struct., 44, pp.
17-29. DOLI: 10.1016/S0263-8223(98)00108-1.

[7] Berrahou, M. and Bachir Bouiadjra B. (2016). Analysis of the adhesive damage for different patch shapes in bonded
composite repait of corroded aluminum plate, Techno. press., 59, pp. 123-132.DOT: 10.12989/sem.2016.59.1.123.

[8] Berrahou, M., M, Salem., M., Mechab, B. and Bachir Bouiadjra B. (2017). Effect of the corrosion of plate with double
cracks in bonded composite repair, Techno. press., 64, pp. 323-328.DOI: 10.12989/sem.2017.64.3.323.

[9] Vargel, C. (1999). Cotrosion de l'aluminium, Cotrosion Reviews, Patis, pp. 154-176.

[10] Bachir Bouiadjra, B., Fari, Bouanani., M, Albedah., A, Benyahia., F and Es-Saheb, M. (2011). Comparison between
rectangular and trapezoidal bonded composite repairs in aircraft structures: a numerical analysis, Mater. Des., 32, pp.
3161-3166. DOLI: 10.1016/j.matdes.2011.02.053.

[11] Salem, M., Bachir Bouiadjra, B.B., Mechab, B. and Kaddouri, K. (2015). Elastic-plastic analysis of the | integral for
tepaired cracks in plates, Adv .Matet .Res., 4, pp. 87-96. DOI: 10.12989/amr.2015.4.2.000.

[12] Mechab, B., Chama, M., Kaddouri, K. and Slimani, D. (2016). Probabilistic elastic-plastic analysis of repaired cracks
with bonded composite patch, Steel. Compos. Struct. Int. J., 20, pp. 1173-1182. DOI:10.12989/5¢s.2016.20.6.1173.
[13] Serier, N., Mechab, B., M’hamdia, R. and Serier, B., (2016). A new formulation of the | integral of bonded composite

repait in aircraft structures, Struct. Eng. Mech., 58, pp. 745-755. DOI: 10.12989/sem.2016.58.5.745.

122



¢
f'(l
s S. Mokadem et alii, Frattura ed Integrita Strutturale, 46 (2018) 113-123; DOI: 10.3221/IGF-ESIS.46.12

[14] Crocombe, A. and Richardson, G. (1995). A unified approach for predicting the strength of cracked and non-cracked
adhesive joints, Int. J. Adhes., 49, pp. 211-44. DOI: 10.1080/00218469508014357.

[15] Sheppard, A., Kelly, D. and Tong, L. (1998). A damage zone model for the failure analysis of adhesively bonded
joints, Int. J. Adhes., 18, pp. 385-400. DOI: 10.1016/S0143-7496(98)00024-4.

[16] Magalhdes, A.G. and De Moura M.F.S.F., Gongalves, JPM. (2005). Evaluation of stress concentration effects in
single-lap bonded joints of laminate composite materials, Int. J. Adhes. 25, pp. 313-319.

DOI: 10.1016/j.ijadhadh.2004.10.002.

[17] Chang-Su, B.,Young-Hwan, L., Jin-Ho, C. and Jin-Hwe, K. (2008). Strength prediction of adhesive joints using the
modified damage zone theory, Compos. Struct., 86, pp. 96—100. DOI: 10.1016/j.compstruct.2008.03.016.

[18] Kemal Apalak, M., Gul Apalak, Z. and Gunes, R. (2004). Thermal and geometrically nonlinear stress analyses of an
adhesively bonded composite, tee joint with double support, Thermoplast. Compos. Mater. 17, pp. 103-36.

DOI: 10.1177/0892705704033337.

[19] Fari Bouanani, M., Benyahia, F., Albedah, A., Aid, A., B. Bachir Bouiadjra, B.B., Belhouari, M. and Achour, T. (2013).
Analysis of the adhesive failure in bonded composite repair of aircraft structures using modified damage zone theory,
Matet. Des., 50, pp. 433—439. DOI: 10.1016/j.matdes.2013.03.017.

[20] Ramji, M., Srilakshmi, R. and Bhanu Prakash, M. (2013). Towards optimization of patch shape on the performance of
bonded composite repair using FEM, Compos. B. Eng., 45, pp. 710-20. DOI: 10.1016/j.compositesb.2012.07.049.
[21] Benyahia, F., Fari Bouanani, M., Albedah, A., Bachir Bouiadjra, B. B. and Achour, T., (2014). Effect of water
absorption on the adhesive damage in bonded composite repair of aircraft structures, Mater. Des., 57, pp. 435—441.

DOI: 10.1016/j.matdes.2013.12.081.

[22] Benyahia, F., Albedah, A. and Bachir Bouiadjra, B.B., (2014). Analysis of the adhesive damage for different patch
shapes in bonded composite repair of aircraft structures, Mater. Des., 54, pp. 18-24.

DOI: 10.1016/j.matdes.2013.08.024.

[23] Abaqus, ABAQUS standard/uset’s manual, version 6.11. Hibbit Katlsson & Sorensen, Inc., Pawtucket, RI, USA,
(2007).

[24] Henshel, R. D. and Shaw, K. G., (1975). Crack tip finite elements are unnecessary, Int. J. Num. Meth. Eng., 9, pp.
495- 507. DOLI: 10.1002/nme.1620090302.

123




<<
  /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


