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Effect of Wrapping Reinforced Concrete Surface
with FRP Sheets on Corrosion Resistance ™
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Abstract: Fiber Reinforced Plastics (FRP) sheets are widely
used now in the field of repair and strengthening of reinforced
concrete structures. The presence of FRP sheets on reinforced
concrete surface for repair and strengthening provides some level
of protection for reinforced concrete against corrosion. This kind
of protection can be considered as an indirect protection because
the main purpose is not for protection but for repair and
strengthening. Two fibers/resin systems were considered in the
experimental program; thefirst is glass/polyester system with one,
two, and three layers of glass fibers and the second is
carbon/polyester system with one layer of carbon fibers.
Effectiveness of the indirect method was evaluated through
comparing them with the well-known direct protection methods
(coating of steel surface, coating of concrete surface, and by using
concrete admixtures). A total of 16 accelerated corrosion cells
were tested in order to measure the total mass loss of the
reinforcing steel bars which expresses the effectiveness of all
direct and indirect protection methods.

Keywords: Corrosion resistance; (FRP) wrapping sheets;
indirect corrosion protection; CFRP; GFRP.

I. INTRODUCTION

Externally bonded FRP on the surface of different RC

elements is a well-known technique used for repair and
strengthening purposes. High tensile strength, high strength
to weight ratio, high corrosion resistance, better fatigue
behavior, high durability, and the possibility of tailoring the
required mechanical propertiesin any direction are the major
advantages of using this techniqgue compared to other
traditional techniques of repair and strengthening. Generally
FRP's offer unique advantages for solving many civil
engineering problems in areas where conventional materials
fail to provide satisfactory performance [1, 8]. Unlike sted,
FRP's are unaffected by electrochemica deterioration and
can resist the corrosive effects of acids, akalis, sats, and
similar aggressive materials. Presence of FRP sheets on the
reinforced concrete surface will increase the protection level
against corrosion of steel reinforcement [8]. Although this
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protection method is not the main purpose of using FRP
shests, but it can be considered as an indirect protection
method. Different techniques with variable effectiveness are
used to protect steel reinforcement against corrosion. Choice
of the most suitable protection method depends on many
factors as cost, nature of the structure, and the required level
of protection. Surface coatings of steel and concrete surfaces
and concrete admixtures used reduce corrosion rate are
considered the most widely used direct protection techniques
used [2-6].

[I. OBJECTIVES

The main objective of this research is to evauate the
effectiveness of using bonded FRP sheets to the RC surface
as an indirect protection method against reinforcing steel
corrosion. This evaluation will be done through comparing
the corrosion resistance of reinforced concrete wrapped with
FRP layers with non-protected concrete (as a control case)
and with concrete protected with the well-known traditional
protection methods (coating of steel surface, coating of
concrete surface, and using concrete admixtures). Some
parametersrelated to FRP will be considered such asthe type
of reinforcing fibers (glass and carbon fibers) and number of
FRP layers (one, two, and three layers will be considered).

1. MATERIALSAND TEST SPECIMENS

A. Concrete

The used concrete has the following mix proportions for 1.0
m?® by weight:

- 375 kgof OPC of grade R 42.5

- 1070 kg of coarse aggregate (crushed stone)

- 655 kg of natura sand (fineness modulus of 2.30)

- 190 liter of water

Table-l1 showsthe grain size analysis for both coarse and fine
aggregates, while Table-1 illustrate the physical properties of
the used crushed stone and sand. The average achieved cube
compressive strengths were 246 and 304 kg/cm? after 7 and
28 days respectively.

12mm diameter deformed bar of grade 36/52 was placed in
the center of each specimen. All the specimenswere cured by
wet burlap until the test date.

B. FRP materials
The used FRP materialswere Glassfiber fabric strengthening
system and Carbon fiber fabric strengthening system
produced by Sika. The used matrix was Sikadur330. Tablelll
gives al the properties taken from the technical data sheet
given by Sika.
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C. Protection materials

As mentioned earlier, three well-known protection methods
were used for comparison purposes. The first method is
coating of steel surface by one layer of Euxit-ZNP. The
second is coating of concrete surface by Addicor-M to isolate
the concrete surface. The third is using Addicrete-DM2 as a
chemical liquid admixture to decrease the concrete
permeability. Handling of the three materials (Euxit-ZNP,
Addicor-M, and Addicrete-DM2) was done according to the
technical information given by the manufacturers.

Tablel: Grain size analysis of fine & coar se aggr egates

] Sieve
Fine size |4.75|2.36|1.18|0.60|0.30|0.15
Agoregat | (mm)
€ Pass% | 99.5|98.8|73.1|61.3|320| 7.0
Sieve
Coarse | sze |37.5(315|28.0|20.0|10.0| 5.0
Aggregat | (mm)
€ Pass% | 100 | 100 | 100 | 66.8 | 11.6 | 0.0
Table-ll: Propertiesof sand & crushed stone
Crushed
Property Sand Stone
Specific gravity 248 2.50
Unit weight (t/m°) 143 1.58
Crushing value (Los
Anglos) % B 240
fine materias (by volume) 40
% '
Absorption
% 2.2
Tablel11: Properties of FRP materials
1) Reinforcing Fibers
- Carbon
Property E-Glassfibers Fibers
Fiber Orientation 0° 0°
Weight / area 430 g/m? 225 g/m?
Tensile strength 2250 N/mm? 3500 N/mm?
E—modL_JIus (in 70000 N/mm? 23000(3
tension) N/mm
Failure strain 3.1% 15%
2) Binding Matrix
Density 1.31 g/cm®
Tensile strength 30 N/mm?
Flexural modulus 3800 N/mm?
Viscosity Pasty not flowable

IV. EXPERIMENTAL PROGRAM

16 specimens were tested in this study with two main
protection methods. Each specimen was tested using a
separate accelerated corrosion cell and the corrosion current
was measured every 2 hoursfor aperiod of 200 hours. These
two main protection methods are:

A. Direct Protection

Six specimens were tested using direct or well-known
protection methods; these methods are:

» Coating of steel surface: Two specimens designated as
(SC) were protected by coating of the steel surface with one
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layer of Euxit-ZNP.

» Coating of concrete surface: Two specimens designated
as (CC) were protected by coating of concrete surface with
Addicor-M.

» Concrete admixture: Two specimens designated as (CA)
were protected by using a concrete admixture. This type of
admixture used to decrease the permeability of concrete and
to increase its chemical resistance as given by the
manufacturer in the technical information sheet.

B. Indirect Protection:

Eight specimens were tested using FRP wrapping as indirect
protection:

» Wrapping with one layer of glass fibers: Two specimens
designated as (G1) were wrapped with one layer of glass
fibers and Sikadur330 matrix.

» Wrapping with two layers of glass fibers: Two specimens
designated as (G2) were wrapped with two layers of glass
fibers and Sikadur330 matrix.

* Wrapping with three layers of glass fibers: Two
specimens designated as (G3)  were wrapped with three
layers of glass fibers and Sikadur330 matrix.

* Wrapping with one layer of carbon fibers. Two
specimens designated as (C1) were wrapped with one layer
of carbon fibers and Sikadur330 matrix.

It has to be noted that there are two specimens without any
protection used as control specimens. These two specimens
were designated as (NP). Table-IV gives the details for the
test specimens, used protection method and the identification
for each specimen individually.

Table- 1V: Details of experimental program

. No. of
Protection . . Cod
Method Details Sp?%me e
Mo Protection | 5 protection 2 NP
(Control case)
1layer GFRP 2 Gl
Indirect 2 layer GFRP 2 G2
Protection 3 layer GFRP 2 G3
1 layer CFRP 2 C1
Steel Coating 2 SC
Direct Concrete 2 | cc
protection gc?r?élrr(;?e
Admixture 2 CA

All tested specimens were lollypop specimens with 100mm
diameter and 200mm length. Each specimen had an
embedded 10mm diameter steel bar in its center with
embedded and total lengths of 130 & 300mm respectively to
ensure that concrete cover is more than 45mm. All specimens
were immersed in a 15% Sodium chloride (NaCl) solution at
the room temperature and surrounded by steel pipes which
were cleaned regularly to prevent depositing of salt on their
surfaces.
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V. TEST PROCEDURE AND RESULTS

All lollypops specimens were tested using the accelerated
corrosion test (galvano-static method). The test setup alows
an impressed current to flow the central steel bar by applying
a potentia difference of 15 volt across the steel bar (anode)
and a steel pipe round the specimen (cathode) [2, 7 & 9].

A fixed resistance of 100 Ohm connected in series was used
to measure the impressed current by recording the potential
difference between its connectors and divided it by the
resistance value. During the test, the measured current was
recorded each two hours for 200 hours. Fig. 1 shows the
layout of the accelerated corrosion test setup.
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Fig. 1.Accelerated Corrosion Test Setup

The recorded current values were plotted aginst time to
claculate the area below this curve. Then the total mass loss
was calculated from the area below the curve using Faraday's
equation as follows:

Total massloss (gm) = [M/ (Z*F)] [A] 1

Where: A =[ § I.di] (electrical charge)
M = 55.85 gm/mol (atomic weight of iron).
Z=2 (ionic charge iron).
F = 96485.3 C/mole of € (Faraday's constant)
Fig. 2 shows the time - corrosion current relationship for NP
and G3 specimens. Table-V gives the calculated total mass
loss (Mt) for all the test specimens.
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Fig. 2.Time-Current relationship for NP and G3
specimens
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Table-V: Total MassLossfor Test Specimens

Protection Mass ,\',?;ISS % from
Method | P I(_g?“s‘;‘ loss | control
(gm)
Control HE g;; 22.30 100
o Bl s
Indirect gg Eég 1160 52.0
Protection gg g% 050 o7
S iooy | 1865 | s
S| 1| 29 | 13
rotoenon [ o6 | 153 | 8% | 818
gﬁ 1?:51’8 1680 | 753

V1. DISCUSSION

» Fig.3 shows the average mass loss for specimens wrapped
with glass and carbon FRP. The average mass|osses for these
specimens were 81.5% and 83.6% from that of control
specimen respectively. These results show that the type of
reinforcing fibers has no significant effect on the corrosion
resistance of reinforced concrete. Also the results imply that
the bonding material thicknessisthe key issuefor providing a
certain level of protection.

30

= [t S} nN
o (Sal o [$a)
} } } }

Average Mass Loss (gm)

o1
}

NP Gl Cl

Fig. 3.Average massloss (gm) for different types of
reinforcing fibers

* Fig.4 shows the average mass loss in grams for three
wrapped specimens with different number of glass FRP
layers (one, two, and three layers). From that figure, it can be
shown that the average mass loss for one, two, and three
layers are 81.50%, 52.00%, and 42.7% from the control case
respectively.
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Based on this result, it can be noted that the number of FRP
layers has a remarkable effect on the corrosion resistance of
reinforced concrete. Thismay be related to the increasein the
bonding material layers (i.e. thickness). This result
strengthens the af orementioned one in the previous discussed

point.
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Fig. 4.Average massloss (gm) for different numbers of
GFRP layers

* For the well-known direct protection methods used in this
study, as shown from Fig.5, the average mass loss for the
cases of steel coating, concrete coating and concrete
admixture are 14.3%, 81.8%, and 75.3% from the control
case respectively. This means that the most effective direct
protection method is the steel coating. Using of concrete
coating or concrete admixtures has very limited effectiveness
compared to the case of steel coating.

30
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Fig. 5.Average massloss (gm) for direct protection
methods

» Comparing the steel coating method (as the best direct
protection method) with wrapping the concrete surface with
threelayers of GFRP (asthe best indirect protection method),
figure 6 shows that the average mass loss for the first case is
14.3% and 42.7% for the second case. This result shows that
by using wrapping, it was still far from the protection level
provided by steel coating but it is quite good because
wrapping was used mainly for repair and strengthening
purposes and not for protection. So reducing the average
mass loss by about 57% from the control case is considered
well enough in this case.
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Fig. 6.Average massloss (gm) for the best direct and
indirect protection methods

VIlI. CONCLUSIONS

Based on the discussion of the obtained test results, the
following points can be easily concluded:

1. Type of reinforcing fibers has no significant effect on the
corrosion resistance of reinforced concrete. Glass and Carbon
fibers gives almost the same protection level.

2. Thickness of bonding material layers has the major effect
on the corrosion resistance of reinforced concrete. Three
layers of polyester provide higher protection level than two
layers. Similarly, two layers of polyester provide higher
protection level than one layer.

3. The best direct protection method is the coating of
reinforcing steel surface. Steel coating is more effective in
corrosion resistance than both concrete coating and concrete
admixtures.

4, Steel coating is more effective in protection against
corrosion than the used three layers of GFRP. But the
protection level provided by the three layers is considered
satisfactory.
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