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ABSTRACT: The present study deals with the earthquake disaster reduction by the development of 
new composite material to mitigate the collapse of unreinforced masonry structures (URM) in urban 
and rural areas in developing countries. Collapse of unreinforced masonry walls causes a large number 
of human causalities due to a strong ground motion. Masonry walls are relatively strong for in-plane 
shear and much weaker in out of plane direction resulting collapse of masonry structure. Being highly 
expensive, FRP is a strong material and can significantly increase the out of plane bending strength of 
masonry walls. Being an expensive material, FRP exhibits a highly catastrophic brittle failure under 
extreme loading leaving no warning and evacuation time for residents. On the contrary, polypropylene 
band (PP-band) is a cheap material with much larger ductility and holding capacity to avoid sudden 
failure, caused by the breaking of wall into small fragments which has been found as a major cause of 
causalities. In this study, an attempt has been made to find a composite material by using FRP and 
PP-band to increase the shear capacity and to avoid the catastrophic brittle failure of masonry walls 
under strong ground shaking. In order to achieve required objectives, out of plane load tests have been 
carried out using six masonry wallets consisting of three non-retrofitted masonry wallets, PP-band 
retrofitted masonry wallet, FRP retrofitted masonry wallet and FRP+PP-band retrofitted masonry 
wallet. Behavior of wallets has been carefully observed in terms of peak strength, deflection and 
deformation capacity. It has been found that retrofitting of masonry walls using FRP and PP-band is 
much viable solution as compared to conventional retrofitting techniques because FRP+PP-band 
reduced the overall cost of retrofitting due to confining and holding effect of PP-band which is a very 
low cost material. 

 
 
Key Words: Retrofitted, Composite, Polypropylene, Fiber reinforced polymer 

 
INTRODUCTION 

 
Masonry is one of most popular and oldest construction material. Because of its low cost and local 
availability, its significance as a construction material has become more relevant. Better aesthetics, 
good heat and sound insulation, high fire rating and economical construction are some of additional 
inherent advantages of masonry construction. Masonry contributes a large number of structures in 
world’s inventory of non-engineered construction and almost all of the construction is composed of 
unreinforced masonry (URM). Seismic vulnerability of URM is highly questionable in the region of 
high seismic activity. According to Coburn and Spence [Coburn and Spence, 1992], collapse of URM 
masonry houses is the biggest cause of human causalities in under developed parts of world during 
earthquake hazards. Understanding and realizing the shortcomings of URM masonry, many researches 
worldwide started efforts to strengthen and retrofitting of existing masonry construction. In this 
regards many retrofitting techniques have been developed such as adding concrete frames, masonry 
jacketing, ferocement coatings, applying near surface mounting sheets or members using wire mesh. 
Most of these methods are expensive, aesthetically not good and add mass to the masonry wall system.             
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Masonry walls are strong enough in in-plane direction of seismic force. On the other side, out of plane 
failure of masonry wall system is hazardous and explosive causing almost complete collapse of 
masonry structure [Bruneau, 1994]. There is no doubt to say that URM is more vulnerable when 
seismic force is acting in out of plane or perpendicular to longitudinal axis of wall. It is the idea of 
many researches that behavior of masonry walls in out of plane direction requires more experimental 
and theoretical investigation. [Flagan et al 1993, Drysdale et al 1994].        
    

            
 
      (a): Canterbury, New Zealand        (b): Gedikbulak, Turkey 

 
Figure 1.  Typical out-of-plane failure of an unreinforced masonry  

 
Figure 1(a) shows typical out-of-plane failure of an unreinforced masonry wall on the second level of 
146 Kilmore Street in Canterbury New Zealand [EERI, 2012]. The light blue concrete column, 
hanging from the second floor, has no reinforcement. Figure 1(b) shows the out of failure of masonry 
house during Van, Turkey Earthquake of October 23, 2011 [EERI, 2012].  
 
Literature Review 
Among some of recent retrofitting methods Fiber Reinforced Polymers (FRP) has become very 
popular because of its less retrofitting time, better aesthetics, high strength and ease in application over 
the masonry surface. On the other hand, FRP can increase the initial shear strength and out of plane 
bending strength to the great extent.   
    Meguro and Mayorca [Meguro and Mayorca, 2003] have developed polypropylene band 
(PP-band) retrofitting method considering economic affordability, local acceptability, material 
availability and technological applicability required for retrofitting. PP-band is a very cheap material 
with fairly large deformation capacity. Main objective of PP-band retrofitting is to hold the masonry 
components into a single unit and to prevent the collapse of masonry structure. After carrying out a 
series of experiments ranging from small-scale model to full-scale masonry house, it was found that 
PP-band retrofitted walls can withstand much stronger input ground motion without collapse [Meguro 
et al, 2005].  
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  (a) PP-band retrofitting of a masonry 
house in Indonesia 

           (b) PP-band retrofitted wall in  
laboratory 

 
Figure 2.  Retrofitting of masonry wall using PP-band in the field and laboratory 

 
FRP and PP-band Composite Retrofitting Technique 
In this research we proposed a new retrofitting material which is a composite of Polypropylene band 
and Carbon Fiber Reinforced Polymer (CFRP). Both of these materials are applied on masonry wall 
system as a composite material and this composite not only increases initial shear strength but also 
serve satisfactory to keep integral the structural system by providing sufficient deformation and energy 
dissipation capacity.  FRP is a brittle material and has ultimate tensile strain ranging from 2 to 4% [V. 
Turco and S. Secondin, 2005]. Whereas, PP-band cannot increase significantly initial strength of 
non-retrofitted masonry, it can enhance the structural deformation capacity up to 50 times larger than 
that of non-retrofitted one [Meguro et al, 2005].  FRP can serve satisfactory if it is applied 
completely or fully wrapped to hold the brick units which can increase tremendously the retrofitting 
cost and still do not allow the structural system a reasonable deformability, while PP-band is not only 
a fairly ductile and deformable but can also be wrapped completely to the wall system because of very 
low retrofitting cost.   
In order to achieve the required objectives, a series of out of plane load tests are carried out using 
different wallet schemes. A total of six masonry wallets are tested, three non-retrofitted and three are 
retrofitted. Among retrofitted masonry wallets, one is PP-band retrofitted masonry wallet, one is CFRP 
retrofitted masonry wallet and one is CFRP+PP-band retrofitted masonry wallet. The main objective 
of this study was to investigate the effect of PP-band and CFRP composite on increasing bending 
strength and deformation and energy dissipation capacity in the out of plane direction of masonry 
walls.  
 

 
EXPERIMENTAL PROGRAM 

 
Properties of masonry  
Compression, Shear and bond tests are carried out in order to determine the properties of brick, mortar, 
and masonry. Table 1 shows the properties of different materials used for construction of masonry 
wallets. Bricks compressive strength is determined according to ASTM C-67. Three samples of burnt 
brick were tested under direct compression. Three mortar cubes of 50mm×50mm×50mm containing a 
weight mixed proportion of cement, lime and sand (250g: 1,000g: 2,800g) were tested with 0.25 
water/cement ratios according to ASTM C-109. Three samples of brick triplets, each triplet consisting 
of three bricks joined together by 5 mm mortar thickness were prepared to evaluate the shear strength 
of masonry units. Three masonry prisms each consisting of five bricks were tested according to ASTM 
C-1314.  
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Table 1: Characteristics of materials used in experiments 
 

Test Compressive 
strength of brick 

Compressive 
strength of 

mortar cube 

Compressive 
strength of 

masonry prism

Shear 
strength of 

mortar 

Bond 
strength of 

mortar 
Specimen (MPa) (MPa) (MPa) (MPa) (MPa) 

1 25.10 1.08 15.95 0.24 0.0040 
2 26.60 1.07 11.60 0.15 0.0050 
3 26.70 1.34 13.25 0.21 0.0040 

Average 26.10 1.16 13.60 0.20 0.0043 
 
Axial tensile test on polypropylene (PP) band  
Three sample of PP-band with 6mm×0.6mm in nominal area of cross section and 150mm in gauge 
length are tested under uniaxial tensile loading using displacement control universal testing machines 
(UTM). Table 2.0 shows the tension test results of PP-band. 
  

Table 2: Polypropylene band tension test results 
 

Specimen 

Maximum 
Axial 
Stress 
(MPa) 

Initial 
Modulus 

 
(GPa) 

Residual 
Modulus

 
(GPa) 

Failure 
Strain 

 
(%) 

PP-1 254.20 7.38 1.91 12.30 
PP-2 246.50 6.95 2.06 12.67 
PP-3 234.40 6.42 1.96 11.91 

Average 245.03 6.92 1.98 12.29 
 

Properties of CFRP and epoxy 
Properties of CFRP and epoxy are provided by the supplier of these materials. Bi directional type of 
fiber layout is used in CFRP. Thickness of CFRP sheet is 0.5mm. Bond E-250 epoxy is used to apply 
CFRP over the brick surface. Table 3 and Table 4 show the properties of CFRP and epoxy. All epoxy 
strength parameters are examined at temperature of 20±1oC after curing time of 7 days. 
 

Table 3: Material properties of CFRP 
 

 
Material 

Tensile 
modulus 

Bending 
strength 

Bending 
modulus 

Compressive 
strength 

Ultimate 
Elongation 

(GPa) (MPa) (GPa) (MPa) (%) 
CFRP 120 130 90 900 2 

 
 

Table 4: Material properties of Epoxy 
 

Material 
Tensile 

strength 

Tensile shear 
bond 

strength 

Bending 
strength 

Compressive 
strength 

Compressive 
shear bond 

strength 
(MPa) (MPa) (MPa) (MPa) (MPa) 

Epoxy 20 9.6 45 50 21 
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MAOSNRY WALLETS TESTING SCHEME 
 
Masonry wallets testing and experimental setup 
Four types of masonry wallets are shown in the Fig 3. Size of masonry wallet is 475mm x 238mm x 
50mm. All of these wallets are constructed using 75mm x 37mm x 50mm burnt brick units.  Cement 
lime mortar with a weight mixed proportion of cement, lime and sand (250g: 1,000g: 2,800g) is made 
with 0.25 water/cement ratios. Masonry wallets are constructed, cured and tested under similar 
conditions. In case of CFRP and CFRP+PP-band retrofitted masonry wallets, CFRP is pasted on wallet 
surface with the help of strong epoxy and cured for 24 hours whereas PP-band and CFRP+PP-band 
retrofitted, PP-band is applied on both faces with the help of ultrasonic welder and also connected in 
out of plane direction.  
 

 
 

Figure 3.  Masonry wallets retrofitting scheme for out of plane load test. 
 

   Three of the masonry wallets are retrofitted using different retrofitting schemes. One is PP-band 
retrofitted, one is CFRP retrofitted and one is CFRP+PP-band retrofitted. Two CFRP strips of 
dimension 475mm x 40mm x 0.5mm are used on both faces of CFRP and CFRP+PP-band retrofitted 
masonry wallets.  PP- band mesh pitch of 50mm is used for PP-band retrofitted and CFRP+PP-band 
retrofitted masonry wallet. 
 
Test Setup 
Each of the wall specimen was tested like a simply support beam of center to center span of 440mm 
with one displacement at the center of span in the form of line load throughout the width of the 
masonry wallet as shown in Fig 4 (a) and (b). Total size of masonry wallet is 480mm from edge to 
edge of specimen. Vertical displacement is applied at center of the specimen at a loading rate of 0.1 
mm/min. Two LDTV displacement transducers with 500×10-6/mm sensitivity are used at quarter span 
to measure the deflection.  Wall specimen is simply supported on two steel rollers and displacement 
is transferred from machine to specimen with the help of steel roller and a cap plate. A small initial 
displacement is applied to assure the full contact of the wallet and loading arrangement. Specimens 
were completely inspected in throughout the length of loading increments. Different displacement 
loading rates are selected depending upon the failure displacement and duration of test. All 
displacement and loading data is recorded in a computerized digital acquisition system. 
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          (a) Schematic diagram           (b) Experimental setup 
 

Figure 4.  Test setup of out of plane load test 
 

TEST RESULTS 
 
Non-retrofitted masonry wallet 
One of the main focuses of experimental results was load-displacement curves of masonry wallets. 
Figure 5 shows the load displacement curve of non-retrofitted masonry wallets. All URM specimens 
are tested using same loading rate of 0.1mm/min. Although preparation, curing and testing conditions 
of masonry wallets were similar still the non-retrofitted wallets show a variety of peak strength with an 
average value of 0.7 kN with almost similar initial stiffness. Behaviour of wallets was almost linear up 
to the peak value. Sliding type of failure has been observed exhibiting a weak brick mortar joint at 
vertical displacement range from 0.6mm to 1.2mm as shown in Fig.5 (a).  
 

 
Figure 5.  Load-displacement curves of non- retrofitted masonry wallets 
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PP-band retrofitted masonry wallet 
Figure 6 shows the load displacement curve of PP-band retrofitted masonry wallet. It has shown 
almost similar initial stiffness and peak strength of 0.79 kN which is almost same as that of 
non-retrofitted masonry wallet. Up to initial peak loading rate of 0.1mm/min is used and after that the 
test was continued at a loading rate of 2.0 mm/min. In case of PP-band retrofitted masonry wallet after 
the displacement of 1.2 mm/min the sample again started taking load with some reduced stiffness, 
even it has gone up to a displacement of 57.7 mm with a load value of 0.88 kN. PP-band retrofitted 
masonry wallet has shown a fairly long deflection and deformation as compared to URM masonry 
wallets  

 
Figure 6.  Load-displacement curves of non- retrofitted masonry wallets and PP-band retrofitted 

masonry wallet 
 

CFRP retrofitted masonry wallet 
Figure 7 shows the load displacement curve of non-retrofitted masonry wallet, PP-band retrofitted and 
CFRP retrofitted masonry wallet. CFRP retrofitted masonry wallet is tested at a loading rate of 
0.25mm/min and use of CFRP has increased initial peak strength of no-retrofitted masonry wallet 
from 0.8kN to 8kN. CFRP retrofitted masonry wallet has shown a high initial stiffness as compared to 
URM and PP-band retrofitted masonry wallets. Use of CFRP has also increased the mid span 
deflection from 1.2 to 5.0mm but it is far less than PP-band retrofitted case. PP-band retrofitted 
masonry wallet has increased the displacement from 1.2mm to 58 mm. It can also be seen from figure 
7 that CFRP retrofitted wallet has shown a sudden drop in strength from 1.6kN to 1.0kN at a 
displacement of 0.65mm. This sudden drop was due to detachment and falling of one layer of brick at 
the inner edge of masonry wallet. After that it again started taking load and reached to peak strength of 
8.0kN. CFRP was acting just like tension reinforcement on tension face of a simply supported beam 
and bricks were taking care of compression just like a simply supported beam having reinforcement on 
both of the faces. 
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Figure 7.  Load-displacement curves of non- retrofitted masonry wallets, PP-band retrofitted and 

CFRP retrofitted masonry wallet 
 

CFRP+PP-band retrofitted masonry wallet 
Figure 8 shows the load-displacement curve for URM, PP-band retrofitted and CFRP+PP-band 
retrofitted. In case of CFRP+PP-band retrofitted masonry wallet initial strength of URM is increase 
from 0.8kN to 5.5kN and displacement carrying capacity is also increased from 1.2mm to 62mm. 
After the peak strength of 5.5kN, there is a sudden drop but still CFRP+PP-band retrofitted masonry 
wallet has shown a good residual strength up to the final failure of wallet. Proposed composite 
material has increased intial strength, deformation capacity, and residual strength of non-retrofitted 
masonry wallet. 

   
Figure 8.  Load-displacement curves of non- retrofitted masonry wallets, PP-band retrofitted and 

CFRP+PP-band retrofitted masonry wallet 
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FAILURE MODES 
 
Figure 9 shows that failure pattern of different type of masonry wallets under out of plane loading. 
Figure 9 (a) shows a pure bending type of failure with major central cracking with spalling of bricks in 
the central part of masonry wallets. There were no signs of shear failure near supports. Figure 9 (b) 
shows that PP-band retrofitted masonry wallet failure. It is almost same type of failure as that of URM 
but PP-band kept holds the masonry units. As PP-band is attached with the out of plane connectors, so 
it has not provided any increase in bending strength but after the peak, it kept the brick unit as single 
mass to further take load up to a displacement of 58 mm as shown in Fig 6.  Figure 9 (c) shows the 
failure the failure of CFRP- retrofitted masonry wallet. CFRP- retrofitted masonry wallet has shown a 
step wise failure initiated with the fall of inner and outer brick layers. Failure of wallet was mainly due 
to detachment and debonding of CFRP from brick surface. CFRP+PP-band retrofired masonry wallet 
failure has shown in the Fig 9 (d).  Use of PP-band along with the CFRP has changed the failure 
mode of only CFRP retrofitted masonry wallet as the step was failure is vanished. In CFRP retrofitted 
case the wallet was disintegrated into longitudinal strips but CFRP+PP-band retrofitted masonry wallet 
has avoided the delamination of brick layers form the wallet. It kept hold the entire brick mas into a 
single system even up to the final failure of masonry wallet. 
 
 

 
 

(a) Failure pattern of URM 
 

 
(b) Failure pattern of PP-band retrofitted 

masonry wallet 
 

 
 

(c) Failure pattern of CFRP-retrofitted 
masonry wallet 

 

 
(d) Failure Pattern of CFRP+PP-band 

retrofitted masonry wallet 

Figure 9.  Failure pattern of different types of masonry wallets under out of plane loading 
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CONCLUSIONS 
 

FRP is an expensive and has very high initial stiffness with a failure strain ranging from 2-4% whereas 
PP-band is a cheap material with very high failure strain ranging from 12-14%. Non retrofitted 
masonry wallet has shown very sudden failure breaking the wall into small pieces. PP-band has 
provided very high deformation and energy dissipation capacity but the release of energy through 
proper crack distribution on all over the masonry wall units. CFRP has increased the initial strength of 
masonry wall but it could not increase the deformation and energy dissipation capacity of masonry 
wallet exhibiting a very high brittle failure. Failure of CFRP was mainly due to debonding of CFRP 
strips from the brick surface. In order to further increase the performance of masonry wall units less 
thickness with more surface area with good brick surface conditions are recommended. 
CFRP+PP-band together have not only increased the initial strength, deformation capacity, energy 
dissipation capacity but also the residual strength of masonry wallet in post peak behaviour. This 
increase in residual strength is due to holding effect of PP-band provided to the bricks and CFRP and 
it reduces the chances of further detachment of CFRP from brick surface as wallet undergoes further 
displacements. CFRP+PP-band retrofitted has changed the mode of failure of CFRP retrofitted wallet 
from sudden brittle failure to gradual ductile failure. Use of both the materials has given a very high 
performance and cost effective technique for retrofitting of masonry structures which can save 
property and human life during a seismic hazard. 
 

 
REFERENCES 

 
Coburn A., Spence R., 1992. Earthquake protection. Wiley. Chichester. 
Bruneau, M., 1994. Seismic evaluation of unreinforced masonry building: A state of art report. Can J. 

Civ. Engrg., Ottawa, 21, 512-539. 
Flanagan, R. D., Bennett, R. M., and Beavers, J. E., 1993. Seismic behavior of unreinforced 

hollowclay tile infilled frames. ASTM design and construction problems and repair, ASTM STP 1180. 
ASTM, West Conshohoken, Pa.  

Drysdale, R. D., Hamid A. A, and Bake, R.L., 1994. Masonry structures behavior and design. 
Prentice- Hall, Englewood Cliffs, N.J. 

EERI special earthquake report, 2012. The Mw 7.1 Erci -Van, Turkey Earthquake of October 23, 2011. 
Mayorca, P., and Meguro K., 2003. Strengthening of Masonry Structures using Polypropylene Bands. 

Proc. of the 58
th 

Annual Conference of the JSCE, CD-ROM. 
Meguro K., Mayorca P., Sathiparan N., Guragain R., Nesheli N., 2005. Shaking table tests of 1/4 

scaled masonry models retrofitted with PP-band meshes. Proceedings of the Third International 
Symposium on NewTechnologies for Urban Safety of Mega Cities in Asia, Singapore. 1, 9-18. 

Turco V., Secondin S., Morbin A., Valluzzi M.R., Modena C. 2006. Flexural and shear strengthening 
of unreinforced masonry with FRP bars. Composites Science and Technology. 6:1, 289–296. 

－124－


	Out of Plane Behavior of Composite Retrofitted Masonry Wall Systems


<<
  /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




