International Journal of Composite Materials 2014, 4(2): 63-68
DOI: 10.5923/j.cmaterials.20140402.04
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Abstract The Carbon Fibre Composites (FRP) have long been used to increase the strength of the concrete structures.
This happens because they provide a highly effective intervention without changing the geometry of the parts. In Brazil, the
concrete are produced for various purposes, and everything depends on the trace set for the basic material constituents. The
ability to repair and strengthen concrete structures already designed, this study aimed, with the aid of ABNT NBR 5739
standard and the analysis of variance (ANOVA), assess the strength of concrete in compression with low, medium and high
strength (defined by the Brazilian standard) by including laminate carbon fiber composites. From laboratory tests and
ANOVA, found efficiency of the reinforcement in all three types of concrete manufactured and greater efficiency in low
strength concrete, justified by the lower tensile strength, which means striving responsible for bringing the specimens to

failure.
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1. Introduction

The reinforced concrete structures represent a large
portion of the world's buildings. This is due to the excellent
combination of properties of concrete and steel that enable
the development of highly resistant structures, in various
shapes and sizes and with impressive durability [1-4].

It is noteworthy that despite all the technological effort in
anticipation of increasing the durability of reinforced
concrete, it remains subject to a term of life. Thus, needs
periodic maintenance to keep over the years its use
conditions defined in the project [5-7].

It happens that, in most cases, is not made the proper
conservation of the structure that has just deteriorated to the
point of needing reinforcements [8-11].

The study of the causes responsible for the various
processes of degradation of concrete structures is
indispensable and makes up the complex field of study called
Pathology of Buildings [12-15].

The concrete deterioration occurs due to the presence of
various aggressive agents in the environment. Although
currently there are real high compactness, we know that yet,
this material is somewhat permeable and subject to the action
of external elements so that when they reach their cause steel
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corrosion and consequent deterioration of the structure
[16-18], as shown in Figure 1.

In classical structural systems, the pillars play a key role in
the structure, since they serve as support and transmit loads
to the foundations. Thus, any loss in capacity pillars can
result in large and irreversible damage to the structure as a
whole, conducting intervention by ribs [8-12] is required.

Figure 1. Deterioration of pillars by etching (Brazilian structure)

It is observed that the deterioration of reinforced concrete
is not the only occasion on which the recovery of the
structure is necessary. In many cases, there is a need to
increase due to an increase in the load provided at the time of
design, for example, the creation of a library in the building,
the increased traffic on a bridge or overpass, and even in
cases of claims such as fire and earthquakes [15]. Figure 2



64 Luiz Antonio Melgago Nunes Branco et al.:

shows the Viaduct of Santa Teresa in Belo Horizonte
(MG-Brazil), which is a work of the early twentieth century
and was the first work reinforced with carbon fibers in Brazil,
taking into account the need for adequacy of its bearing
capacity to current values.

Figure 2. Historical photos of the construction and use of Viaduct Santa
Teresa. Source: Public Archives Miner

Currently several different techniques can be used for
reinforcement or structural recovery. The methods and
techniques of rehabilitation of concrete structures, despite
rapid development, are still based on accumulated empirical
experience, due to the handmade and unusual character of
the rehabilitation processes, since each problem faced has its
own characteristics. This is one of the factors leading to the
development of research on the structural behavior of
rehabilitated reinforced concrete elements [18].

Among the most widely used techniques cites the increase
of the pillar section through the casing with new concrete [7,
10]. This technique has good efficiency, but also has some
disadvantages such as increased weight of the structure, loss
of open area, time consuming and laborious execution.

Another technique is the application of steel plates bonded
to concrete with epoxy resin. This is also an effective
technique but has drawbacks such as the need for
maintenance of the plate, so they do not come in corrosion,
increasing the weight on the structure and aesthetic
appearance [18].

The more modern technique for the ribs is the use of fiber
composites, also called Fibre-Reinforced Polymer (FRP) is a
composite made from a polymer matrix reinforced with
fibers which may be glass, carbon, etc.
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Specifically, the carbon fibers have high mechanical
strength and is not subject to various chemical attack or
corrosion, thus providing a highly durable material [18].
Additionally, they are extremely lightweight and low
thickness, which causes its own weight can be disregarded.
The composites can be rigid (as a ruler) or flexible (in fabric
form) and its application is extremely rapid, giving the
structure a desired strength in a relatively short time
depending on the curing time of the epoxy [15]. Thus,
application of the carbon fibers does not affect the geometry
of the structure, can be used in many different ways.

Considering the advantages of using the booster system
with the application of carbon fiber composites, the present
research aimed to analyze the behavior of the composite
when used to increase the compression strength of concrete
columns of circular cross section, with three types of
resistance (low, medium and high mechanical strength in
compression), enabling investigate its potential application
in the form of repair and strengthening of concrete structures
manufactured in Brazil.

2. Material and Methods

The Brazilian standard ABNT NBR 5738 [19] " Concrete
- Procedure for forming and healing of specimen" advocates
the use of cylindrical shapes of 10 or 15c¢m in diameter and
20 or 30cm height.

However, seeking to bring the samples of the actual
structural element tests, specimens were tested in 15%50cm.

Besides geometry, we intended to verify that influences
the strength of concrete to be reinforced in the rate of
effectiveness of carbon fiber. Thus, the objective was to
examine how the percentage of increase in compression
strength of concrete is different in low, medium and high
strength.

Carbon fibers are the result of a heat treatment known as
carbonization or pyrolysis [14]. By this procedure, oxidation
of precursor fibers such as polyacrylonitrile (PAN) and it is
processing at temperatures ranging from 1000°C to 3000°C.
In this thermal process, the resulting fibers have the carbon
atoms perfectly aligned along the fiber, which gives the
material high mechanical resistance [15].

For evaluating the efficiency of the carbon fiber factor, six
specimens (Cps) of each of the different levels of resistance,
low, medium and high were produced, adding eighteen CPs.
In each class of resistance, three CPs unreinforced and three
other reinforced were tested. All specimens were tested at the
age of 28 days, according to [19].

The sequence for reinforcement work consists of the
following steps:

A) Manufacture of concrete specimens (Figures 3 and 4):
B) Plastering:

In this step, we seek to fill any voids and imperfections in
the concrete. This is to ensure better contact surface for the

fibers. In the case of a concrete structure to be repaired must
also be carefully predict surface cleaning, since, otherwise
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they run the risk of decreasing the adhesion of the fibers to
the substrate, in that the saturating (glue) have contact with
the dirt and not the concrete itself.

Figure 4. Molding of the test specimens

Figure 5. Plastering of the specimens

Figure 6. Priming

C) Priming:

To facilitate better adhesion condition of impregnation of
concrete is also made with a primer-based epoxy (Figure 6).
Note that the viscosity of the material allows for easy
application with foam roller and should be taken at least two
hours before the application of saturating.

D) Bonding the fibers (Figures 7 to 9):

Figure 7. Cut plaid carbon fiber

Figure 8. Application of saturating

Figure 9. Application of fiber

E) Finishing (Figure 10):

28 days after the molding, the concrete specimens were
systematically tested in axial compression test according to
the Brazilian standard ABNT NBR 5739 [20]
"Concrete-Compression tests of cylindrical specimen",
keeping the recommended speed of implementation load of
0.45 MPars.
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The evaluation of the use of the carbon fibers composites
as reinforcement in each type of manufactured concrete was
performed by analysis of variance (ANOVA), Kruskal
-Wallis test (nonparametric) and multiple comparison test
between ranks from Student- Newman-Keuls, with
BioEstat® software, version 5.0. The significance level (a)
set for ANOVA was 5%, and the null hypothesis (Hy) was
the stipulated equivalence between averages, implying the
non-equivalence of averages for the alternative hypothesis
(H;). P-value of the Kruskal-Wallis test below the
significance level implies rejecting H,, accepting it
otherwise.

Figure 10. Finished with spiral roller

3. Results and Discussions

Tables 1 and 2 show the results of the compressive
strength values of the specimens from the concrete made
with the three distinct resistance and with and without the use
of carbon fibers composite.

Table 1. Compressive strength of tested specimens without reinforcement

Specimen CP1 CP2 CP3
Low Strength (MPa) 15.4 14.0 14,0
Mean Strength (MPa) 23.1 26.4 23,6
High Strength (MPa) 413 423 41.5

Table 2. Compressive strength of tested specimens with reinforcement

Specimen CP1 CP2 CP3
Low Strength (MPa) 43.20 50.20 41.80
Mean Strength (MPa) 42.80 41.80 41.50
High Strength (MPa) 50.30 51.90 51.00

From Tables 1 and 2 it appears that the average values of
strength were increased in all three types of concrete
investigated by the inclusion of laminated composite of
carbon fibers as reinforcement. The inclusion of carbon
fibers provided the concrete of low strength, efficiency
factor of 258.60, and 62.10 and 2.70 for concretes of medium
and high strength, respectively, evidencing be the most
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effective reinforcement for the concrete of low strength,
justified by the lower tensile strength, which means striving
responsible for bringing the specimens to failure.

The brittle behavior of concrete-composite system is noted
in Figure 11, where it can be seen that the break in all
specimens occurred abruptly [20, 21], preceded by
characteristic popping burst of elements of carbon fiber and
the concrete remained relatively intact.

Detail of the breakup region of the specimen

Figure 11.

Table 3. Results of ANOVA Kruskal-Wallis test for low strength concrete

Results
H 3.9606
GL 1
P- value of Kruskal-Wallis 0,0463
R1 (mean rank) 2.000
R2 (mean rank) 5.000
Comparasions Student-Newman-Keuls Rank Diff.  P-value
Group (1 e2) 3.000 0.0495
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Table 4. Results of Kruskal-Wallis ANOVA for medium strength concrete

Results
H 3.8571
GL 1
P- value of Kruskal-Wallis 0.0495
R1 (mean rank) 2.000
R2 (mean rank) 5.000
Comparasions Student-Newman-Keuls ~ Rank Diff.  P-value
Group (1 e2) 3.000 0.0495

Table 5. Results of Kruskal-Wallis ANOVA for high strength concrete

Results
H 3.8571
GL 1
P- value of Kruskal-Wallis 0.0495
R1 (mean rank) 2.000
R2 (mean rank) 5.000
Comparasions Student-Newman-Keuls =~ Rank Diff.  P-value
Group (1 ¢2) 3.000 0.0495

Tables 3 to 5 show the results of ANOVA test for the
compression strength values for the three types of concrete
produced on the basis of whether or not the composite
reinforcement, GL being the degrees of freedom and R1 and
R2 mean ranks and related to the concrete without using
laminated composite and carbon fibers.

Tables 2 to 5, the P-values were less than 0.05, evidencing
the samples evaluated here, the significance of inclusion of
the laminate carbon fibers composite in the three kinds of
concrete investigated.

4. Conclusions

The application of the laminated carbon fiber composites
showed a simple and rapid technique for performing
structural reinforcement.

From the results obtained, it was found that the gain in
strength caused by the application of the composite material
in the three classes of resistance. However, it was observed
that the efficiency factor of the reinforcement with carbon
fibers is considerably higher in the lowest specific strength.
As you increase the resistance of reinforced concrete, the
percentage performance gain caused by the applied system is
reduced (258.6 % for low strength and 22.7 % for high
performance).

Whereas many of the works that are undergoing structural
reinforcement are older works whose concrete has lower
resistance, enhanced through the composite carbon fiber
proves ideal. Therefore, the compressive strength of the
concrete can be increased by a simple and rapid technique,
without increasing the weight of the structure itself and the
sections of the pillars.

Another factor concerns the durability. Some of the
earliest works show a porous concrete, thus very susceptible

to the action of aggressive environmental agents. As the
application of carbon fibers makes use of epoxy resin, forms
a waterproof layer along the reinforced section, thus
improving its impermeability which translates into increased
their lifespan.
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