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Table 1. Concrete mix design (35 MPa)

1 Near surface method
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Specimens st?ecz)ng?he(slf/l P?a) Ca(ﬁ’(ﬁ;ty Failure
EBR-C-1 34.6 10.71 D
EBR-C-2 35.7 9.14 D
EBR-C-3 34.3 9.87 D
EBROG-C-1 34.2 18.73 R
EBROG-C-2 34.9 18.85 RD
EBROG-C-3 33.8 17.91 R
EBR-A23-1 34.6 8.84 D
EBR-A23-2 35.7 7.20 D
EBR-A23-3 34.3 7.55 D
EBROG-A23-1 34.2 18.59 R
EBROG-A23-2 34.9 18.38 R
EBROG-A23-3 33.8 17.00 RD
EBR-A40-1 34.6 8.92 D
EBR-A40-2 35.7 7.50 D
EBR-A40-3 34.3 8.20 D
EBROG-A40-1 34.2 18.42 R
EBROG-A40-2 34.9 18.38 R
EBROG-A40-3 338 20.28 R
EBR-A60-1 346 8.46 D
EBR-AG0-2 35.7 8.05 D
EBR-AG60-3 34.3 7.38 D
EBROG-A60-1 34.2 16.87 RD
EBROG-A60-2 34.9 18.12 R
EBROG-A60-3 33.8 18.45 R
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Table 3. Maximum load and type of failure

1 Ruptur-debonding
2 Rupture

3 Alkali

4 Control
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Abstract:

Various researches have been performed regarding the deterioration and behavior of fabrics made from
carbon, glass and aramid in different environmental conditions. Carbon fibers reinforced polymer (FRP) are
very corrosion resistant. The CFRP laminates are extremely useful in very corrosive atmospheres, such as
marine and aggressive chemical atmospheres. They have been advanced over the years because of their high
strength, light weight, long-term durability and high resistance to deterioration. The very thin (0.2 - 0.4 mm)
laminates are very easy to apply and can be applied in cross directions without any difficulty. Environmental
conditions impact on the bond strength of FRP-to-concrete has sparsely been investigated. The sources of
CFRP bond deterioration can originate from alkaline attack and thermal expansion. Alkaline attack occurs at
the interface of the concrete and a CFRP laminates with the resulting damage to the matrix of the CFRP
laminates. Also, alkali aggregate reaction can lead to the destruction of concrete elements. However, studies
in this field are not enough and for externally bonded FRP materials, no such long term test results are
available yet. Severe corrosion damage can often be prevented by a correct treatment of the structure against
chemical influences or aggressive environmental effects. Methods such as the externally bonded
reinforcement (EBR), despite of their advantages, have a problem known as the premature debonding of FRP
from concrete substrate. In this method the surface of concrete is sanded and cleaned. After the preparation
of the surface, the layer of epoxy is applied uniformly on the surface of concrete. Then, FRP is installed on
the surface and saturated with epoxy. In other hand, a new strengthen method is the externally bonded
reinforced on grooves (EBROG) method that consists of grooves on the surface of concrete. In this method,
grooves with a proper length, width and depth are catted on the concrete surface; then the concrete surface
and the grooves are cleaned with an air pressure. Later, grooves are filled with an appropriate epoxy. At the
end, FRP sheets are installed with a proper epoxy on the concrete surface. In this paper, the effect of
environmental conditions, including three alkaline environments with temperatures of 23°C, 40°C and 60°C,
was investigated on the bond strength of FRP-to-concrete. The specimens were strengthened with two
methods: EBR and EBROG. Samples were kept in environmental conditions for 3000 hours. Single-shear
tests were conducted to evaluate the bond behavior of FRP-to-concrete. Experimental results showed that the
specimens strengthened by the EBROG method - in the alkali environment with different conditions -
experienced up to 50 % higher than ultimate bond loads compared with the specimens which were
strengthened by the EBR method. In the EBR method, the bond failure mode changed from concrete
delamination in laboratory condition to epoxy-concrete interface separation in alkali immersion with
different temperatures. On the other hand, in the EBROG method environmental conditions had not effect on
the mode of failure and more than 90% of specimens experienced FRP rupture. As a whole, the alkali
environment caused a sudden drop in the bond strength of FRP-to-concrete substrate.

Keywords: EBROG, alkaline environment, Temperature, Debonding.
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