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A Numerical Study of Strengthening of RCC Beam Using
Natural Bamboo Fibre
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Abstract—Many of the existing reinforced concrete structures
throughout the world are in urgent need of rehabilitation, repair
or reconstruction because of deterioration due to various factors
like corrosion, lack of detailing, failure of bonding between beam-
column joints, increase in service loads etc. FRP composite has
been accepted as a promising substitute for repairing and in
incrementing the strength of RCC structures. During the last
decade there has been a renewed interest in the natural fibre as a
substitute for conventional FRP materials such as glass fibres and
carbon fibres, motivated by potential advantages of weight saving,
lower raw material price, and 'thermal recycling' or the
ecological advantages of using resources which are renewable,
also natural fibres are sustainable materials. Among the various
natural fibres, Bamboo fibre reinforced composite is of particular
interest as these composites have high impact strength besides
having moderate tensile and flexural properties. Here a nonlinear
finite element analysis is carried out in order to evaluate the
performance of Bamboo fibres in structural retrofitting by
retrofitting a Plain Concrete Block by using Bamboo fibre
reinforced polymer. It is seen that the strengthened specimens
exhibit significant increase in strength, stiffness, and stability as
compared to controlled specimens.

Index Terms—Bamboo fibres, retrofitting, finite element
analysis, reinforced cement concrete, beams.

I. INTRODUCTION

There is a considerable number of existing concrete
structures in India that do not meet current design standards
because of inadequate design and construction or need
structural upgradation to meet new seismic design
requirements because of new design standards, deterioration
due to corrosion in the steel caused by exposure to an
aggressive environment and accident events such as
earthquakes . Inadequate performance of this type of structures
is a major concern from public safety standpoint.
Strengthening or upgrading becomes necessary when these
structural elements cease to provide satisfactory strength and
serviceability. Fiber Reinforced Plastic (FRP) composites can
be effectively used as an external reinforcement for upgrading
such structurally deficient reinforced concrete structures. One
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major application of composites to structural retrofit is to
increase the flexure and shear capacity of the beams.
Strengthening of RC flexural and shear beams with external
bonded FRP laminates and fabric has been studied by several
investigators. Only recently, researchers have attempted to
simulate the behavior of reinforced concrete strengthened with
FRP composites using finite element method. Researchers
used finite element method to simulate the behaviour and
failure mechanisms of RC beams strengthened with FRP plates.
The FRP plates were modeled using two dimensional
plate elements. Few researchers in their study used truss
elements to model the FRP composites. Some researchers used
the finite elements adopted by ANSYS to model the uncracked
RC beams strengthened for flexure and shear with FRP
composites. Solid 65 elements were used to model the FRP
composites. It has been observed that comparisons between the
experimental data and the results from finite element models
showed good agreement. In this paper, using finite element
method an attempt has been made to study the behaviour of
retrofitted RCC beams and unretrofitted reinforced concrete
beams that is the Control Specimens, subjected to Uniformly
distributed loading producing bending as well as deformation..
The finite elements adopted by ANSYS were used for this
study, that is for analyzing the RCC beams retrofitted using
Bamboo Fibre Reinforced Composite, which is a natural fibre.
Composite materials from man-made fibres (i.e. glass fibre,
carbon fibre etc.) are already available as products for
consumer and industrial uses. A relatively newer concept is to
consider natural fibres as a reinforcing material. Stringent
environmental legislation and consumer awareness has forced
industries to support long term sustainable growth and develop
new technology based on renewable feedstock that are
independent of fossil fuels. As the current status quo, the main
reinforcement for the composite industry is glass fibres; 22.3
million tons (metric) are produced globally on an annual basis.
Although glass fibre products have somewhat superior
mechanical properties, their life cycle performance is very
questionable. Manufacturing of these products not only
consume huge energy but their disposal at the end of their life
cycle is also very difficult since there is virtually no recycling
option. Annual industrial crops grown for fibre, have the
potential to supply enough renewable biomass for various bio-
products including composites. The scope of possible uses of
natural fibres is enormous. This is substantiated by the
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declaration of United Nation for 2009 as International Year of
Natural Fibres (IYNF).

All over the world, the bio-composite industry is developing
at a significant pace to meet growing consumer awareness and
follow new environmental regulations. A survey done by
Canadian Agri-Food Research Council (CARC) in 2003
showed that the European automotive industry has already
taken the lead and uses approximately 22,000 tons of natural
plant fibre in low stress applications in cars. In 2005, 19000
tones of natural fibres were used in Germany for automotive
composite. Lignocellulosic bio-fibre derived from various
origins such as leaf, bast, fruit, grass or cane; contribute to the
strength of bio as well as synthetic polymer composites in
various applications. These fibres are renewable, non-abrasive
to process equipment, and can be incinerated at the end of their
life cycle for energy recovery as they possess a good deal of
calorific value. They are also very safe during handling,
processing and use. Major natural fibres of vegetative origin
used as reinforcement are shown below.

Fibre Type
Bagasse Cane
Bamboo Grass
Banana Stem

Coconut husk Fruit
Flax Bast
Hemp Bast
Jute Bast
Kenaf Bast
Sisal Leaf
Wood Stem

Advantages of natural fibre reinforced composites:

1. Reduction in density of products.

2. Acceptable specific strength, toughness and stiffness in
comparison with glass fibre reinforced composites.

3. Ease of shaping into complex shapes in a single
manufacturing process.

4. Lower energy consumption from fibre growing to
finished composites

5. The manufacturing processes are relatively safe when
compared with glass based reinforced composites.

6. Possibility of recycling the cuttings and wastage produced
during manufacturing and moulding.

7. The production of natural fibres can be started with a low
capital investment and with a lower cost.

8. Bast fibres exhibit good thermal and acoustic insulation
properties.

Both thermoset and thermoplastic matrices are used for
development of natural fibre reinforced composite, the
comparative study of these two type of matrices
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Property Thermoset Thermoplastics

Formulations Complex Simple

Melt viscosity Very low High

Fibre Easy Difficult
impregnation

Prepeg stability Poor Excellent

Processing Long Short to long
cycle

Processing Low to High
temperature /| moderate high
pressure

Environmental Good Unknown
durability

Solvent Excellent Poor to good
resistance

Database Very large Small

Broadly defined bio-composite are composite materials
made from natural fibre and petroleum derived non
biodegradable polymers like polyester, phenolic, PP etc.
These polymer matrices are becoming costlier because of the
fluctuating price of petrochemicals. These resins could be
made cheaper by modification with cheaper bio-resources.
Bio-composite derived from plant fibre & crop / bio-derived
plastic are likely more eco-friendly and such bio-composites
are termed as green composite. Future attempt would therefore
be to develop cheaper biodegradable matrix utilizing
modification of bio-resources. Keeping in view the above
mentioned, here in this paper, work have been carried out to
use natural fibre such as bamboo for the purpose of structural
upgradation.

II. MATERIAL INVESTIGATION

The use of natural fibres such as jute, Bamboo, banana,
hemp, ramie, Bamboo etc. as composites in structural
upgradation is increasing tremendously. Wood flour and other
fibres are primarily used as fillers in thermoplastic decking,
building materials, furniture & automotive components. Long
agricultural fibres such as flax, kenaf, bast, hemp & jute are
used as structural reinforcements in thermoplastic/thermoset
composites as a replacement of glass fibre. Natural fibre
composites can easily be recycled than glass or carbon
composites. The usage of natural fibre composites is higher in
Europe than other countries. Advantages of Natural fibre
composites components includes weight reduction of 10-30%,
excellent acoustical absorption properties, good impact
properties with convenience of forming complex shaped parts
in a single moulding process. Bamboo fibres have a diameter
of 100 to 450mm, density of 1.15 gm/cc, elastic modulus of 4
to 6 GN/m’, an elongation percentage of 15 to 40 %,
cellulose/Lignin content of 43/45 %, and micro fibrillar angle
of 30 to 49 degrees.



International Journal of Computer Theory and Engineering, Vol. 3, No. 5, October 2011

Bamboo has been one of the common materials in pre-
industrial architecture in Asia and South American countries,
employed as structural elements. The utilization of bamboo as
construction component is motivated by its widespread
availability in the tropical and subtropical climatic regions, its
rapid growth and the combination o f elevated mechanical
strength and low specific weight. However, at the present time,
even the most modern construction where bamboo is used rely
on a craft approach, with the know-how of construction
techniques restricted to a small group of researchers, engineers
and architects. Although bamboo has an immense potential,
standardization and a definition of a correct construction
practice still present some difficulties. Actually, there is an on-
going research on bamboo with regards to special treatments
leading to higher durability ,improved connectors and
mathematical modeling for the structural analysis of bamboo
structures, along with the micro, macro- and nano-structural
properties shutter bamboo concrete slabs, application of
bamboo segments as reinforcement of concrete beams, circular
columns and pillars in quadratic form of concrete, double—
layer spatial and plane truss bamboo structure and special
joints between the bamboo elements, which can be easily used
for plane and double-layer spatial structures. It is now well
established that bamboo is a composite material of cellulose
fibres, with an average tensile resistance of about 700 MPa.
These cellulose fibres are immersed in a lignin matrix. Studies
showed that bamboo is a material with the variation of its
physical and mechanical properties in an optimized form,
according to the stresses generated due to wind load and its
own weight. It has been observed on a macroscopic scale that
the distances between the nodes (stiffeners), the diameter and
the thickness vary along the total length of the bamboo Culm.
The thickness, size and volumetric fraction of fibres vary,
becoming more concentrated as they approach the external
shell. This is due to the higher forces applied to the external

surface when the bamboo is subjected to bending by wind load.

The determination of how the variation of volumetric fracture
occurs in the thickness is necessary for applying the theory of
composite materials to bamboo, which allows the optimized
use of bamboo on engineering sites. This variation of the
properties as well as the macro, meso and microscopic
characterize the graduate functionality of bamboo. There is on-
going research concerned with the structural analysis of
bamboo frame structures commonly used by local people,
improvement of the concrete permanent bamboo shutter slabs
and reinforced concrete beams and columns, having in mind its
improvement according to available knowledge. Fabrication of
corrugated composite slabs based on cement paste reinforced
with cellulose pulp of bamboo. The cement composites
reinforced by bamboo pulps are produced by the vacuum
pressure process, seeking to establish the characteristics of a
material which can be easily fabricated, utilising the machinery
of asbestos cement industry. The bamboo pulp is used in the
paper industry on a large scale. There are studies underway to
produce durable furniture and new geometrical structural
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forms, as well as bicycles, tricycles and car bodies using
bamboo. The first acro plane which succeeded to fly was made
with bamboo by the Brazilian Santos Dumont.

Properties of this fibre are as follows:

Specific gravity [Kg/m3] 1158
Density [g/cm’] 1158
Water absorption [%] 145
Tensile strength [MPa] 73-505
Modulus of elasticity [GPa] 10-40

Available countries:-
India, Sri Lanka, Egypt, Guyana, Jamaica, Philippines,
Malaysia

Advantages

1) It has elevated mechanical strength.

2) It has low specific weight too.

3) It has high tensile strength.

4) It has better modulus of elasticity than any other
natural material.

5) Easily and locally available material.

Disadvantages

1) Itis very much bad in torsion when it become mature.
2) Probability of decomposition in biological attack.

Applications

1) Bamboo segments are used as reinforcement of
concrete beams, circular columns and pillars in
quadratic form of concrete, double—layer spatial and
plane truss bamboo structure and special joints
between the bamboo elements, which can be easily
used for plane and double-layer spatial structures.

2) Bamboo frame structures commonly used by local
people for improvement of the concrete permanent
bamboo shutter slabs and reinforced concrete beams
and columns.
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3) It has many uses which include erosion control,
watershed protection, soil remediation, environmental
greening and medicinal application.

4) Bamboo is a high-yield renewable natural resource:
ply bamboo is now being used for wall paneling, floor
tiles; bamboo pulp for paper making, briquettes for
fuel.

III. FINITE ELEMENT ANALYSIS

Almost all the structures exhibit a certain degree of
nonlinearity at various load stages. This may be due to material
nonlinearity or geometric nonlinearity. Geometric nonlinearity
is associated with certain structures where large deflection may
alter the configuration of the structure and affect the behaviour
of the structure on further loading. The effect of displacement
on the internal forces must be considered in the analysis of
such structures. However , in concrete structures, the
displacements are small compared to the dimensions of the
structure and hence in the present study geometric nonlinearity
is neglected. Since concrete is a non- homogeneous material
and behaves linearly over a small percentage of its strength,
material non linearity is considered. Nonlinear finite element
analysis is a powerful tool in determining the internal stress
strain distribution in concrete structures. With the aid of
nonlinear finite element analysis it is possible to study the
behaviour of composite layered concrete frames upto the
ultimate load range, which leads to the optimum design of the
concrete frames. The load deformation relationships can be
used to realistically predict the behaviour of the structures.
Nonlinear analysis gives better knowledge of serviceability
and ultimate strength. The computational time and solution
costs of nonlinear analysis are very high compared to linear
analysis. Hence, the method should be as efficient as possible
and the numerical technique adopted should reduce the
computational requirements. The finite element analysis
approach is adopted considering the various material
nonlinearities such as stress strain  behaviour of
concrete ,cracking of concrete, aggregate interlock at a crack,
dowel action of the reinforcing steel crossing a crack etc.
Composite layered concrete being a composite material by
itself, numerical modeling of this is still an active area of
research. Nonlinear finite element analysis based on advanced
constitutive models can be used well for the simulation of
composite layered concrete Structures.

Computer simulation is a robust tool for checking the
performance of concrete structures in design and development.
Such simulation can be regarded as virtual testing and can be
used to confirm and support the structural solutions with
complex details and also serve to find an optimal and cost
effective design solution. Hence, the aim of the present study
is to conduct a finite element analysis for the nonlinear
analysis of composite layered concrete through elastic,
inelastic, cracking and ultimate load ranges. This chapter
describes in detail the finite element simulation of the
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composite layered concrete frames.

A. Elements used for discretisation

Element used for discretising concrete

Tetrahedral Option
(not recommended)

SOLID6S is used for the 3-D modeling of solids with or
without reinforcing bars (rebar). The solid is capable of
cracking in tension and crushing in compression.

Element used for discretising reinforcing bars

Pipe 16 is a uniaxial element with tension-compression,
torsion, and bending capabilities.

Element used for discretising Bamboo fibres

'y

T

L

[ a
Trianguier Opticn

SHELL63 has both bending and membrane capabilities.
Both in-plane and normal loads are permitted. The

IV. GEOMETRY AND MATERIAL PROPERTIES
The specimen that is the model frame is designed following

the standards and provisions of Indian code of practice IS 456:
1958. The elastic modulus and tensile strength of the concrete
were calculated from the established empirical relations given
in ACI 318.

The compressive strength of Concrete Choosen: 20 MPa

Young’s modulus of Concrete : 22361 N/mm®

Poisson’s Ratio of Concrete : 0.15

Length of the RCC Beam : 500 mm

Width of the RCC Beam : 200 mm

Depth of the RCC Beam : 200 mm

Details of the Reinforcements :

Longitudinal Bars at top : 2 nos of 10mm dia each

Longitudinal Bars at bottom : 2 nos of 10mm dia each
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Stirrups : 6mm dia at 50 mm C/C.
The yield strength of these longitudinal

reinforcements 1415 MPa
The yield strength of these Stirrup
reinforcements 1415 MPa

Young’s modulus of Steel Reinforcements : 200000 N/mm?2

Poisson’s Ratio of Steel Reinforcement : 0.3

The concrete cover for the reinforcements at top, bottom and
sides was taken as : 25 mm

V. ANALYTICAL RESULTS

A. Analysis of the Reinforced Concrete Beam

Finite element model of the reinforced concrete beam

s e

Finite element model of the reinforcement inside the
reinforced concrete beam

The finite element model with the given uniformly
distributed load

The stresses in the model after the nonlinear finite element
analysis at failure

The strains in the model after the nonlinear finite element
analysis at failure
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The deflections in the model after the nonlinear finite
element analysis at failure

B.  Analysis of the Retrofitted Reinforced Concrete Beam,
Retrofitted by full wrapping technique using Bamboo Fibres

The meshed finite element model fully wrapped with
Bamboo fibre around all four sides

The stresses in the model after the nonlinear finite element
analysis at failure after the retrofitting done by Bamboo fibres

The strains in the model after the nonlinear finite
element analysis at failure after the retrofitting done by
Bamboo fibres

The deflections in the model after the nonlinear finite
element analysis at failure after the retrofitting done by
Bamboo fibres
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Comparison between the concrete model and the concrete
model retrofitted by fully wrapped Bamboo fibre around all
four sides

Type of model Fatlure Mazimum Iaximurm Maxirnurm Percentage
Load  Stress Btrain Deflection mncrease in
EN  (MNimum?) (rrerey the load
CATYING
capacity
Flain reinforced [ 20,092 0.899 3 10 0.191395
concrete model
Reinforoed 11 20132 0.900 X 107 0.2421% 83.33%

conerete model
retrofitted by
bamboo fibres

usmng full wrapping|

technique

VI. CONCLUSIONS

The numerical study is extended to the reinforced concrete
beams strengthened for bending The results obtained are
presented and discussed. The flexural stiffness of strengthened
reinforced concrete beams is compared with that of the
corresponding control beams. The beams retrofitted with
Bamboo composites have shown to undergo an increase in the
flexural load carrying capacity. The stiffness of the control and
strengthened beams remain unaltered in the initial stages of
loading when the cracks are not developed. This observation
suggests that in the case of strengthened beams, the addition of
Bamboo Fibre laminates has no significant effect on the initial
stiffness of the RC beams. It is seen that there is a progressive
increase in the stiffness of the strengthened beams when
compared with the control beam from the state of first cracking
of concrete till the ultimate stage. This shows that any
strengthening of the RC beams with Fibre composites will be
effective after the initial cracking of
concrete. This is an interesting observation since such
additional strengthening of the RC elements are required only
after the beams have developed cracks and are to be
rehabilitated. The following conclusive details have been
obtained from the analytical programme:

e In strengthened beams, the addition of FRP laminate has
no significant effect on the initial stiffness of beams.

e Strengthening of the RC beams with FRP is found to be
effective only after the initial cracking of concrete.

o The reinforced concrete beam, when are retrofitted with
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[17]

Bamboo fibre using the full wrapping technique around all
four sides, 83.33 % load carrying capacity is increased as
compared to that of the controlled specimen.

By providing different percentages of Bamboo fibres for
retrofitting, the load carrying capacity of reinforced
concrete beam models can be enhanced as compared to
that of the controlled specimens.

The use of Bamboo fibres for retrofitting of reinforced
concrete beams also minimizes the deflections in the
beams.

From the above conclusions, it is concluded that
depending upon the strength required for the reinforced
concrete beam, the percentage of fibres, that is to be
applied on to the reinforced concrete beam, can be varied
so as to obtain different increments in strength.

REFERENCES

ACI Committee 544, Fibre Reinforced Concrete, SP-81, American
Racines, P. G., and Pama, R. P., “4 Study of Bagasse Fibre-Cement

Composite as Low-Cost Construction Materials,” Proc. Int. Conf.
Materials for Developing Countries, Bangkok, 1978, pp. 191-206.
Pakotiprapha, B.; Pama, R. P.; and Lee, S. L., “Behaviour of Bamboo
Fibre-Cement Paste Composites,” J. Ferrocement, Vol. 13, No. 3, 1983,
pp. 235-248.

[4] Lewis, G., and Mirihagalia, P., “4 Low-Cost Roofing Material for

Developing Countries,” Building and Environment, Vol. 14, No. 2, 1979,

pp. 131-134.

Subrahmanyam, B. V., “Bamboo Reinforcement for Cement Matrices,”
New Reinforced Concretes, edited by R. N. Swamy, Surrey University
Press, UK., 1984, pp. 141-194.

Narayana, S. K., and Rehman, P. M. A., “Bamboo-Concrete Composite

Construction,” J. Inst. of Engineers, India, Vol. 42, 1962, pp. 426-440.
Youssef, M. A. R., “Bamboo as a Substitute for Steel Reinforcement in
Structural Concrete,” New Horizons in Construction Materials, 1, edited
by H. Y. Fang, Envo Publishing Co., Lehigh Valley, 1976, pp. 522-554.

“The Use of Bamboo and Reeds in Building Construction,” Publication
No. St/So/113, Department of Economic and Social Affairs, United
Nations, New York, 1972.

Purushotham, A., “Utilization of Bamboo,” J. Timber and Dry
Preservatives Association of India, Vol. 9, 1963, pp. 2-19.

Coutts, R. S. P., “Sticks and Stones,” Forest Products News Letter,
CSIRO Division of Chemical and Wood Technology (Australia), Vol. 2,
No. 1, Jan. 1988, pp. 1-4.

Suschland, O., and Woodson, G. E., “Fibre Board Manufacturing
Practices in the United States,” United States Dept. of Agriculture, Forest
Service, Agriculture Handbook, No. 640, 1986, 263 pp.

Pederson, N., “Commercial Development of Alternatives to Asbestos
Sheet Products Based on Short Fibres,” Fibrous Concrete, Proceedings
of the Symposium on Fibrous Concrete in London, Apr. 1980, The
Concrete Society, Concrete International 1980, The Construction Press,
Lancaster, London and New York, 1980, pp. 189-193.

CSIRO, “New—A Wood Fibre Cement Building Board,” CSIRO
Industrial Research News 146, Australia, May 1981.

Coutts, R. S. P., “Fibre-Matrix Interface in Air Cured Wood-Pulp Fibre-
Cement Composites,” Journal of Materials Science Letters, Vol. 6, pp.

140-142.

Akers, S. A. S., and Studinka, J. B., “Ageing Behaviour of Cellulose
Fibre Cement Composites in Natural Weathering and Accelerated Tests,”
International Journal of Cement Composites and Lightweight Concrete,
Vol. 11, No. 2, 1989, pp.93-97.

Flower, P. A., Hughes, JM. and Melias, R. (2006). “Review Bio
Composites: Technology, Environmental Credentials and Market
Forces.” Journal of the Science of Food and Agriculure, 86: 1781-1789.
Rao, K. M. M,, and Rao, K. M. (2007). "Extraction and tensile properties
of natural fibres: Vakka, date and bamboo." Composite Structures, 77(3),
288-295.



(18]

[19]

[20]

(21]

[22]

(23]

[24]

International Journal of Computer Theory and Engineering, Vol. 3, No. 5, October 2011

ACI 318-1999, Building Code Requirements for Reinforced Concrete,
Farmington Hills, Michigan: American Concrete Institute.

Bangash, M.Y.H. (1989), Concrete and Concrete Structures:Numerical
Modeling and Applications, London, England: Elsevier Science
Publishers Ltd.

Barzegar, F., Maddipudi, S. (1997), “Three — Dimensional Modeling of
Concrete structures.l: Plain oncrete” Journal of Structural Engineering,
pp-1339-1346. BIS 456-2000, Code of practice for plain and reinforced
concrete, New Delhi: Indian Standards Institution.

Desayi, P., Krishnan, S. (1964), “Equation for the Stress-Strain Curve of
Concrete”, Journal of the American Concrete Institute, Vol.61, pp. 345-
350.

Fanning, P. (2001), “Nonlinear Models of Reinforced and Post-tensioned
concrete beams”, Electronic Journal of Structural Engineering, Vol.2,
pp.

Gere, J.M., Timoshenko, S.P. (1997), Mechanics of Materials, Boston,
Massachusetts: PWS Publishing Company.

Hemmaty, Y. (1998), “Modelling of the Shear Force Transferred
Between Cracks in Reinforced and Fibre Reinforced Concrete
Structures”, Proceedings of the ANSYS Conference, Vol.l, Pittsburgh,
Pennsylvania.

713

[25]

[26]

[27]

Kachlakev, D., Miller T., Yim, S. (2001), “Finite Element Modeling of
Reinforced Concrete Structures Strengthened with FRP Laminates”,
Report for Oregon Department of Transportation, Salem.

Tedesco, J.W., Stallings J.M., El-Mihilmy, M. (1999), “Finite Element
Method Analysis of a Concrete Bridge Repaired with Fiber Reinforced
Plastic Laminates”, Computers and Structures,, Vol. 72, pp. 379-407.
Thanasis, C., Triantafillou, Costas P.A. (2000), “Design of concrete
flexural member strengthened in shear with FRP”, Journal of
Composoites for Construction, Vol. 4, No.4, pp.198-205.

Mrs. Tara Sen is Assistant Professor in the department of Civil Engineering,
at National Institute of Technology(NIT), Agartala, Barjala, District-West

Tripura,

State-Tripura, India(e-mail: tara.sen@rediffmail.com ). Mobile

No : 4919436541206 (Corresponding Author)

Dr. H. N. Jagannatha Reddy is Professor in the department of Civil
Engineering, at Bangalore Institute of Technology, K. R. Road, Bangalore,
India.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




