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Abstract
The need for better product and material performance leads to continuous improvements in the field
of composite materials. Especially advanced fibers, resins and cores, as well as new methods of
weaving were developed and implemented for the better production of the materials that have
composite materials
were
used in many
industry
and engineering
fields such
as aerospace,
car
exceptional
mechanical
performance
and were
considered
as extraordinary
a few
decades ago.
manufacturing,
Those
improvedenergy and construction. Their use was also expanded in general creative activities and
sports industry. It is derived that where there was need for materials of very low weight and high
mechanical performance, the aforementioned posed as an ideal solution. The object of the research was
the categorization of reinforced polymers, emphasizing on the composite materials and the use of Carbon
Fiber Reinforced Polymers in the field of construction. New uses of the CFRP were suggested on a
theoretical basis as a result of the research. The goal of the research was to review these materials that are
considered as one of the biggest innovations of the 20th century and moreover to suggest an innovative
approach so as to restimulate their implementation in the greek construction industry.
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1. Introduction
The first composite materials appeared in ancient Egypt for the need of the construction of a residence.
The first composite was actually a brick made of clay reinforced with straw. Following the development
of technology through the years, this primary invention was transformed in one of the biggest inventions
of our era; the reinforced concrete, that is widely implemented in order to enhance the resilience of the
static body of a building against seismic action. After a long time of experimentation and with the
development of the materials the glass entered the reinforcement methods. Glass fibers reinforce the
concrete and in the mid 1950’s polymers are reinforced with them.
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Composite materials were used in 1930’s for the first time, when Howard Hughes made the famous
Spruce Goose airplane, by infusing fibers with tar. In 1947 composite materials were used in Europe for
the first time, and in 1986 the first bridge of Glass Fibers Reinforced Polymers (GFRP) was constructed
in Germany. In 1950 they were used in space research, mainly by NASA, where the was need for light
and resistant materials. In 1994, after the earthquake in Parnitha, their use becomes familiar to the greek
engineers as well and they are widely used in construction.

2. Generally
The reinforced polymers belong to the wider category of composite materials. There is no generally
consented definition for the composite materials, however it could be accepted that they are materials
which are produced with natural or mechanical methods and they are consisted of two or more materials
with different physical or chemical properties remaining separated and distinct in macro- and microscopic
scale in a finished construction. Their general and dominant characteristic is anisotropy.
Depending on the matrix material they are divided into polymer, metal or ceramic matrix composites.
Polymer Matrix Composites (PMC) are materials that are produced mechanically and they are consisted
of two or more materials, one of which is a polymer. Accordingly, Metal Matrix Composites (MMC) are
mechanically produced by a sort of materials one of which is metal. Ceramic Matrix Composites (CMC)
consist of at least one ceramic material.
Polymer Matrix Composites are consisted of fibers infused with resins and they are called Fiber
Reinforced Polymers (FRP). The fibers act as an operator carrying the forces, while the matrix act as an
adhesive for the fibers, protecting them and driving the forces safely to them at the same time.
FIBERS (reinforcement)

+

POLYMERS (matrix)

=

FRP

According to the fibers type that reinforce the polymers the final FRP are categorized into:
1. GFRP (Glass Fiber Reinforced Polymers)
2. CFRP (Carbon Fiber Reinforced Polymers)
3. AFRP (Aramid Fiber Reinforced Polymers)
Physical properties
1.
2.
3.
4.
5.

Not affected by chlorions.
Resistant to acid environments.
1/5 to ¼ of the weight of the conventional metal constructions.
Not affected by magnetic fields or radio frequencies.
Poor conductors of heat and electricity.

Mechanical properties
1. Anisotropic materials.
2. Linear elastic performance until the failure of the material when loaded with tensile or
compression.
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3. Low compression strength depending on the type of the fibers. Practically it is considered as
negligible.
4. The flexural strength of the rods are not influenced by the compression strength of the concrete.
5. Low shear strength in comparison to metal reinforcement.
6. Generally weakened adhesion strength due to redused chemical adherence of the material on par
with the concrete and low mechanical involvement (weakness of the surface of the rods, that
comes from the low shear strength does not seem to be influenced by the compression strength of
the concrete (in opposition to steel rods).
7. The bending of the rods cannot occur on site. If a project requires bended rods, then this should
occur during their production process.
Factors that affect the resilience of the reinforced polymers:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Temperature
Creep
Moisture
Acid environment
Alcaline environment
UV radiation
Galvanic Corrosion
Shock loads
Fatigue

3. Carbon Fiber Reinforced Polymers
3.1. Material Composition
Carbon fibers are long slim threads (bundles), that consist of carbon atoms arranged in hexagonal pattern,
crystallic form, and they are aligned along the axis length of the fibers. Due to this crystallic form the
CFRP are that strong. Carbon fibers are known as graphite fibers as well. The fibers’ diameter is about 510 microns. Thousands of those fibers or bundles of carbon fibers together shape a thread. Thousands of
threads create a sheet or lamina.

CFRP thread is combined with epoxide resins and other thermostatic materials alongside with
synthetic materials in order to be used in various applications that range from aerospace, wind
turbines to athletic equipment. They are produced either by thermical processing of the
polyacrilonatrium (PAN) or by carbon distillation. In the first case higher strength and elasticity
modulus is succeeded. It is due to CFRP low density, lower that that of steel’s, that makes it
ideal for applications that require low weight implementations.
3.2 Forms
Depending on the purpose they will serve, CFRP are sold in the forms of thick string-threads, sheets or
laminas. It is a new technique that substitutes the steel laminas with synthetic materials with high
resilience in the form of sheets, laminas or rods. The CFRP gain advantage over steel laminas thanks to
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their better application, stronger adhesion and extremely high resilience, despite their increased cost. Due
to the measurement unit that is the micron, there has been set a communicational code regarding the size
of the bundles, eg. 1K(K=1000 threads), 3K, 6K, 12K, 24K, 48K, 120K, 320K etc. All forms are
accompanied with test reports from the production factory where the chemical properties are certified.
CFRP tapes and sheets are equipped with an appropriate infusion indicator. This provides assistance to
identify the repletion degree of the fabric. In practice this counts the effectiveness of the collaboration
between the product and the sublayer.
a. Sheets: CFRP sheets have many different and diverse weaving patterns, depending on the
purpose they will serve. They can be combined with plastic resin, so as to reach a bigger fraction
of strength and weight. They are used to enhance a building element’s resilience intervening on
the exterior of the element. Their main characteristics and mechanical properties are:
1. Extremely low additional weight, less than 1% of the structure’s own weight.
2. Extremely low thickness, about 1mm.
3. Reversibility of the intervention. The reinforcing layer can be removed with the proper
processing of hot air.
4. Combatibility with the sublayer. The compatibility refers to the resins that get in contact with
the reinforced surfaces, since the CFRP are chemically neutral and do not get in touch with it.
This way the chemical inertia of the epoxide resins is enhanced and the structure
reinforcement is protected (environment PH>13)
5. Protection from humidity: CFRP absorbs negligible amounts of moist that do not affect the
quality of the adhesion. This quality is foundamental is structural applications in places where
there is high environmental humidity and on sites where the circumstances are difficult.
6. Little time for the setting and quick use of the building.
7. Equivalent compression and tensile strength in opposition to other types of synthetic fibers.
8. Easily infused with resins creating quickly a homogenised total.
9. The bearing capacity of the load barrier is the same during the process of application and
reinforcement.
10. The system performs exceptional resilience against chemical factors, especially in alkaline
environments.
11. Exploitation of the whole surface of the reinforced component (retaining the same crosssection of the reinforcement) reducing radically the connection tensions on the interfaces.
Different fiber direction weaving gives the opportunity to be flexible in each application.
1. One direction: The fibers are set in one direction
2. Biased: The fibers are set in 0º and 90º. In this case the reinforcement is balanced when the
quantity of fibers is the same in both direction, and unbalanced when the fibers are more in
one direction.
3. Biaxial: The fibers are set in 45º and are mainly used to reinforce the structural components
against shear loads.

Herringbone

One direction

Simple weaving

Satin

Diagonal weaving

Diagonal weaving
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Figure 1. Weaving patterns

The width of the reinforcement ranges from 1,3 to 126mm and their weight may vary from 3001200gr/m²
b. Laminas: They are produced in factories with the hot rolling method by CFRP mixed with resins.
Primer and putty are used to connect the lamina with the component. Since 1982, this form is
widely and successfully used on reinforced concrete beams. This method is till today the main
reinforcement of bridges and concrete structures. Despite researches, there is still worry about
probable failure due to surface cracking of the reinforcement especially in areas where both
flexural and shear stresses appear. Furthermore, in extremely aggressive environments the
reinforcement is quite exposed.
The laminas reinforce in four different ways:
1. Unidirectional laminas: It can be achieved in the production line at the factory with the hot rolling
method as aforementioned. The fibers are set in only one direction. They are characterized by
their anisotropy and exceptional performance when the fibers are parallel.
2. Bidiretional laminates: The fibers are set in two different directions at the same level of the
laminate. They show moderate performance when the fibers are perpendicular.
3. Multidirectional grid or laminates: In some applications there is stress out of the direction of the
fibers and that way the resin receives the load where there is no reinforcement. In order to receive
these loads composite reinforcements are created with the combination of unidirectional or
multidirectional sheets.
4. Procured shells: In the form of cut parts so as they can be opened and fit around columns and
other structural components. Multilayers are applied on the concrete and to one another so as to
enhance the component’s resilience and strength against seismic actions.

4. Applications in the construction
4.1 Fields of reinforcement
A. On masonry structures CFRP are used for:
•
•
•
•

Linking cracked buildings or their components, stitching the cracks or restoring the box behavior
of the whole structure.
Restorating and controlling the verticality of the walls.
Absorbing tensile loads of static or dynamic origins in arches, cupolas or domes.
Increasing the strength against horizontal loads, on and out of level, due to precipitation of the
foundation, free movement of the roof or seismic action.

B. On wood structures so as to:
•

Increase the bearing capacity and reset the deformations to acceptable limits, after the reduction
of the arrow with lifting jacks.
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•

Restore the security in bendable elements (balconies, prominences, architraves)

C. On reinforced concrete structures in order to:
•
•
•

Increase the strength against bend and shear loads.
Confine the compressive to enhance their durability, meaning their ability to resist under severe
deformations in the plastic area, especially during an earthquake.
Increase the fatigue strength against cyclic loading in operators subjected to intense and heavy
traffic (eg viaducts).

D. On prestressed concrete structures to:

•

Restore loose or cut rods that are used in prestressed concrete. In these cases, where it is possible,
the deformation should be restored (reverted) or even reversed before the application of the CFRP
that will then be subjected to the tensions of the operator’s own weight.

4.2 Implementation
Exterior implementation, inside reinforcement and total construction are the dominant uses of the CFRP.
The exterior implementation is oriented for fast, easy and external reinforcement. The application takes
place on the bucal of the structural element that gets the tensile tensions so as to enhance the element’s
resilience against flexural loads and on its sides so as to enhance its resilience against shear loads.
Depending on the form that will be used the steps that generally must be followed are:
1. Measurement of the tensions. Minimum sublayer resilience is 1,5 N/mm².
2. Preparation of the sublayer by cleaning from any concrete or rusty reinforcement remaining with
the use of sandblasting or rubbing. The dust or any brittle or loose parts must be thoroughly
cleaned and removed. Attention must be paid to the humidity levels that should not exceed 4%
and to the environmental conditions.
3. Scragginess on concrete or brick is removed with smoothing mortars based on minerals.
4. All corners must be chamfered at least 10mm.
5. Priming of the sublayer.
6. Implementation of the CFRP sheets or laminas.
7. Infusion of the resin with a roll.
8. Repetition of the aforementioned steps.
9. Application of a sealing layer of resin and powdering of quartz sand so as to increase the
roughness of the surface in order to continue with the coating.
10. Completion of the procedure; coating and coloring.
Every implementation must follow the producer’s instructions.
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Figure 2. Implementation

5. Aggregate findings
To sum up, CFRP are a fast and clearly effective solution for the reinforcement or restoration of the static
structure. The time and the working hands needed are less than those for the conventional solutions.
Moreover, they combine exceptional properties and both low weight and thickness, making them ideal for
challenging structures. Nevertheless, it’s a generally expensive material which on the other hand is space
economic; a conventional solution would increase the cross-section of a component at about 40cm (20cm
on each side), CFRP increases it by only 1mm. Finally there is no need to mold if not used for product
manufacture. On the other hand, due to deficient researches and little experience, questions are raised
about their linear performance. However it is suggested for application where electromagnetic fields and
croustic loads act. Thanks to their corrosion resilience, they can be used in intensely corrosive
environments. They are widely used to avoid increasing the structure’s own weight. At last, low repair
costs alongside a careful evaluation of the structure’s requirements and the proper use of materials can
lead to the long-term depreciation of the use of CFRP.

6. Innovative applications
It is widely known that since 1988 there is regulation concerning the passive and active fire security
systems in residential buildings. Passive fire security systems include the compartmentalization of the
floors with fire protection doors in the corridors and safe exit from the building by the “firefighter” lift.
Taking into account that CFRP are poor conductors of heat and have high fire resistance and the fact that
in case of a fire the highest risk is to drive safely the users of a building outside, the suggested
applications are oriented to the enhancement of the resistance of those fire systems.
Lifts: There is always a specific lift which is called “firefighter” and is used even if any electromechanical
system is damaged by the fire. It is achieved by using automation systems. This lift drives the user safely
to the exit through the fire compartments. CFRP can be used to completely construct or as an extra
coating of the cabin of the lift in order to enhance its resistance against fire loads.
Fire protection doors: CFRP are already applied on fire protection doors in the form of a membrane on
the doorleaf or by spraying, painting or coating with CFRP plates. On the other hand, the rest of the door
is constructed with steel that makes the door heavy and difficult to handle. It is suggested that the CFRP
are used also for the construction parts so as to lower the weight of the door and enhance its fire
resistance at the same time. This way the better shielding of the compartments is also achieved.
Fire compartments: CFRP are used in plasterboards in order to protect the user of a space from
electromagnetic rays. This layer could also be used as an extra insulation in masonry in order to suspend
the fire from expanding.
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7. Conclusions
CFRP is a new material that has widely entered the markets abroad. In Greece both the use and the
researches for the CFRP as a material are deficient due to lack of the expertise in addition to high cost of
the material. Because it is imported from abroad it is sold ten times higher. Apart from being expensive, it
should be taken into account that CFRP can contribute to the depreciation of the completion as well as the
preservation and repair costs. The primitive suggestions, are supposed to create the threshold for further
investigation and the foundations for future documented studies that could open new horizons in
Architecture and the Construction field in general.
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