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Abstract

This study evaluated the performance of corroded reinforced concrete (RC) beams strengthened with high-performance
steel fiber mortar and normal reinforcements. For that, six RC beams were corrosively imposed in 1 month, 2 months, and
3 months with a 3% NaCl solution and the direct current power type of 900 pA/cm?. As a result, the weight reduction of
reinforcements of the beams due to three corrosion levels was 11.3%, 14.3%, and 24.8%, respectively. Those corroded
beams were thereafter strengthened using the high-performance steel fiber mortar and normal reinforcements. A series of
flexural tests were conducted to quantify the structural capacity improvement of strengthened RC beams. The experimental
results showed that the stiffness, strength, and ductility of the strengthened beams were significantly higher than those of
the corroded and non-corroded RC beams. Additionally, the strengths of the retrofitted beams were almost similar, and it
was approximately 2.35 times and 2.52 times larger than that of the non-corroded and corroded RC beams, respectively.
The high-performance steel fiber mortar can be a feasible solution for the strengthening of corroded or degraded RC
structures. Moreover, the damage indicators of the tested beams, which are crack patterns, crack width evolution, and strain
distribution of reinforcing bars, were further analyzed in this study.
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1 Introduction reinforcement in RC structures located near the coastline is

shown to be very high. Accordingly, the load-bearing

Reinforced concrete (RC) structures have been predomi-
nantly constructed around the world. Usually, infrastruc-
tures are designed with a certain lifespan. However, after a
period of operation, the structural members of RC struc-
tures are degraded due to the effects of load factors and
environmental conditions [1]. Specifically, the corrosion of
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capacity and service life of structures are reduced com-
pared to the pristine condition. Consideration of the effects
of degradation of materials on the structural capacity of RC
members is necessary, especially due to corrosion of
reinforcement.

Previously, numerous studies investigated the structural
behaviors of RC beams and columns strengthened with
different methods. Steel jacket, a conventional technique,
has been commonly applied for retrofitting of RC columns
[2] and beams [3-5]. They demonstrated that steel jackets
can considerably improve the strength and load-carrying
capacity of structural members. In addition to steel jackets,
concrete and RC jackets have also been used as preferable
solutions in many last decades, in which both strength and
ductility of RC cross-sections were significantly enhanced.
Vandoros and Dritsos [6] proved the positive effects of
concrete jackets on the strength and stiffness of RC col-
umns. Campione et al. [7] also highlighted the importance
of reinforced concrete jackets on improving the strength
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and deformation of RC columns noticeably. Furthermore,
systematic consideration of the interfacial slip effects in
analyzing jacked RC beams was conducted by Alhadid and
Youssef [8]. The advantages of the retrofitted technique
were demonstrated, however the deterioration of structures
due to corrosion was not considered in the strengthening
procedure of those studies.

Several retrofitting methods using advanced materials
have been employed for RC members in recent times, in
which textile-reinforced mortar (TRM) and fiber-reinforced
polymer (FRP) are common solutions. Textile-reinforced
mortar was normally applied for the shear strengthening of
RC beams [9-12]. Experimental results showed that the
shear resistance was substantially gained and a transfor-
mation shear failure to flexural failure was made if suffi-
cient TRM layers were used. Meanwhile, the RC structures
strengthened with FRP demonstrated a significant
improvement of ductility, flexural and shear strength, as
well as durability [13—-16]. Additionally, the FRP jackets
were applied for retrofitting of corroded RC beams
[17-19]. This technique reduced the retrofitted time and
required a simple process. However, there are some limi-
tations such as debonding at the FRP-concrete interface
and repair cost.

Concrete is a brittle and low tensile strength material.
The new product, created by adding small steel fibers and
silica fume into a cementitious/concrete matrix, is known
as a high-performance fiber reinforced composite. This
material can improve the compressive and tensile strength,
flexural strength, crack evolution, and load-bearing
capacity of structural components [20]. Additionally, in the
study of Shah and Naaman [21], they pointed out that the
tensile/flexural strength of steel fiber-reinforced mortar was
2-3 times larger than that of plain mortar specimens. Due
to its ease of application, fiber reinforced concrete/mortar
has been also employed to strengthen the load-carrying
capacities of flexural members [22].

The strengthening method using fiber reinforced con-
crete or cement for RC and masonry structures has been
utilized in recent years [23-27]. Martinola et al. [28]
investigated the effects of fiber reinforced concrete (FRC)
jackets on behaviors of strengthening RC beams using both
experimental and numerical methods. They emphasized
that FRC significantly affected ultimate and serviceability
limit states. Ruano et al. [29] experimentally evaluated the
performance of RC beams retrofitted with steel FRC. The
results showed that the strengthened beams exhibited a
notable increment of strength and deformation capacity.
Specifically, Lampropoulos et al. [30] conducted experi-
ments and numerical models to study the efficiency of
using ultra high-performance FRC for strengthening RC
beams. Superior performance was obtained for strength-
ened RC beams, in which the largest ultimate moment was
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increased by 178%. The findings of those studies demon-
strated that the load-bearing capacity of the retrofitted and
strengthened structures was enhanced. Nevertheless, they
mostly focused on the repair and strengthening of RC
structures without consideration of corrosion effects.

So far, very few studies have quantified the improve-
ment of corroded RC structures retrofitted with high-per-
formance fiber reinforced concrete/mortar (HPFRC/M).
Meda et al. [31] presented a retrofitting technique for
corroded RC columns using the HPFRC jacket. The
experimental results demonstrated that the maximum load
was increased by 118% and 65% compared to those of the
corroded and non-corroded columns, respectively.
Recently, Di Carlo et al. [32] developed numerical models
to assess the cyclic behavior of corroded RC columns
strengthened with external HPFRC jackets. Due to their
high tensile strength, HPFRC jackets have positive influ-
ences on the confinement and global behavior of the col-
umns. Aforesaid studies were mostly focusing on RC
columns, a quantification of improvement of corroded RC
beams after strengthening using HPFRC/M was not sys-
tematically investigated.

The purpose of this paper is to evaluate the flexural
improvement of strength and ductility of corroded RC
beams strengthened with high-performance steel fiber
mortar. For this, six RC beams were imposed on corroded
in 1 month, 2 months, and 3 months with a 3% NaCl
solution and the direct current power type of 900 pA/cm?.
Consequently, the reduction of reinforcing bar diameter of
the beams due to three corrosion levels was 11.3%, 14.3%,
and 24.8%, respectively. Those corroded RC beams are
then strengthened using the high-performance steel fiber
mortar jacket. The load—deflection relationships and crack
evolutions were carefully observed. Moreover, a compar-
ison of structural capacity between strengthened and non-
strengthened RC beams was presented in this study.

2 Experimental Tests
2.1 Preparation of RC Beams

In this study, six identical simply supported RC beams, as
shown in Fig. 1, were fabricated. The beam length was
3.3 m, in which the length between two supports was set to
3.0 m. The height and width of the cross-section were
300 mm and 200 mm, respectively. Two D16 reinforcing
bars were arranged in the tensile area. Meanwhile, two D12
rebars were installed in the compression area. Transversal
reinforcements (D6) with 150 mm spacing were used. The
mechanical properties, shown in Table 1, were obtained
from the laboratory tests of used reinforcements. All values
in the table were averaged of three specimens for each
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Fig. 1 Dimensions and reinforcement details of RC beams
Table 1 Properties of reinforcing bars
Diameter Yield strength, Ultimate strength, f,, (MPa) Elastic modulus, Area (mm?)

f, (MPa) E, (GPa)

D6 378.5 543 200 28.27
D12 364.1 508.7 200 78.54
D16 3534 499.4 200 314.2
Table 2 Concrete proportions
Water, Cement, Ww/C Sand Stone Slump Strength, f’. (MPa)
W (lit) C (kg (kg) (kg) (mm) (28 days)
188 328 0.573 594 1123 60 26.3

reinforcing bar. All the beams, after construction, were
cured under laboratory conditions for 28 days. Six RC
beams were divided into three pairs, which are corroded
with various corrosion levels including 1 month, 2 months,
and 3 months. After conducting the accelerated corrosion,
three different corroded beams (referred as C1, C2, and C3)
were taken for bending tests. In the meantime, the three
remaining beams (referred as H1, H2, H3) were removed
concrete cover and thereafter strengthened with high-
strength steel fiber mortar and reinforcements. Addition-
ally, a non-corroded RC beam (referred as DC), which was
tested previously by authors, was used as a reference in this
study.

The concrete mix was designed for obtaining a com-
pressive strength (fc/) of 25 MPa. Coarse aggregate with
rock type 1 x 2 is usually used for normal concrete.
Therefore, macadam has the largest particle size of 20 mm.
Meanwhile, sand with a fineness modulus of 2.4 was used.
The designed slump of the concrete was set to 10 = 2 cm.
The proportion of concrete mix is described in Table 2. The
procedure for the fabrication of RC beams is shown in
Fig. 2.

2.2 Corrosion Tests

A range of 3-5% NaCl solution and 100-3000 pA/cm?
electrical current density have been widely used in con-
ducting the accelerated corrosion process [33—36]. In this
study, to speed up the corrosion of the reinforcement, the
RC beams were immersed in a salt 3% NaCl solution, and
the reinforcing bars were connected to a direct current of
900 pA/cm?. The three pairs of RC beams were corroded
in 1 month, 2 months, and 3 months, respectively.
According to the design of the corrosion test, reinforce-
ments were connected to the current anode, while the
negative electrode of the current was connected to a copper
rod. The use of power supply DC QJ6030S (0 ~ 60 V/
0 ~ 30A, 2 Output) for testing is shown in Fig. 3.

The electric current was adjusted so that the calculated
intensity runs through each beam of 900 pA/cm?. The
adjustment was based on the cross-sectional area of the
reinforcement. An empirical relationship between the cor-
rosion time and the percentage of weight loss of rein-
forcement is given by Eq. (1), which was proposed by Tran
[37] based on experiments. Accordingly, the times for three
corrosion test levels, which are corresponding to the weight
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(e) Measurement of concrete slump

Fig. 2 Fabrication of RC beams

loss of reinforcement 7%, 14%, and 21%, are shown in
Table 3.

W =0.235[.tr forl.t< 66 A.hr

1
W =0.6171.t —25.305 forl.t > 66 A.hr M

where W is the weight loss of reinforcement (g), ¢ is the
corrosion time (hr), / is the electric current intensity
I =3.618 A).

All RC beams were immersed in a test tank with a
solution of electrolysis. The beams were corroded with the
3% NaCl solution, as shown in Fig. 4a. To maintain the salt
content in the tank, experiments were regularly monitored,
tested, and maintained to ensure a stable operation. After
7 days of testing, the steel rebar surface appeared reddish
rust in the position adjacent to the water level. After
30 days, the steel rebars were connected to the source also
appeared scaly rust scales 0.5—-1 mm, as shown in Fig. 4b.

After finishing the corrosion process, cracks appeared on
the concrete surface of the beams at some locations, as
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(f) Concreting is completed

shown in Fig. 4c. Cracks were concentrated on the areas,
where the reinforcements were located. This observation is
because the corrosive product compounds increased the
volume of the reinforcements, then created pressure acting
on the concrete area around the reinforcements. Due to the
volumetric expansion, the stress in the concrete was
increased and cracks were appeared in the concrete surface.
The deterioration of concrete structures is usually divided
into three main stages, as follows.

e The initial stage is defined as the time from the onset of
corrosion to the reinforcement until the corrosion of the
reinforcement causes the initial cracks in the concrete.

e The propagation stage and accelerating stage are
determined when the crack propagates and binds
together when the amount of reinforcement corrosion.

e The failure stage is defined when the cracks getting
large and strain causes the peeling or spalling of the
concrete cover. During this stage, corrosion causes



International Journal of Civil Engineering (2022) 20:587-600 591
OIC, N
Rebar
Concrete
<l
i
T
Packer Copper plate 3% NaCl solution
(a) The corrosion circuit (b) The direct current power used
Power supply ~—\ %
mee
Water 3% NaCl Positive terminal |
Nagative terminal
Tank
RC Beam
Copper
2000 0
hos °
2200
U 1
(c) Detailed section of corrosion test
Fig. 3 The accelerated corrosion test
Table 3 Time to stop the corrosion test for reinforcement
RC beam Weight loss of steel, (%) Weight loss of steel, W (g) Time, ¢ (hr)
Cl and H1 7 1582 720
C2 and H2 14 3189 1440
C3 and H3 21 4796 2160

cracks that significantly impair the bearing capacity and
the service life of the concrete structure.

2.3 Strengthening of Corroded RC Beams
with High-Performance Steel Fiber Mortar

After accelerating corrosion tests, three beams with three
corrosion levels (1 month, 2 months, and 3 months) were
selected to strengthen with high-performance steel fiber
mortar. Figure 5 shows the dimensions of the beam before
and after strengthening with high-strength steel fiber motar
and reinforcements. It should be noted that the concrete
cover was removed within two thirds of the beam depth

and the bottom, as cross-hatched in Fig. 5. These beams are
referred, namely, H1, H2, and H3. The ratio of water to
cement was 0.325. In this mortar mix, black silica fume
with 15% of the weight of cement, was used, as shown in
Fig. 6a. The BASF ACE 8588 superplasticizer was used
with 2% of the weight of cement. Steel fibers (in Fig. 6b)
with a tensile strength of 2985 MPa, provided by Anhui
Elite Industrial Co., Ltd. [38], was utilized for strength-
ening. The fiber length and diameter are 0.2 mm and
12.8 mm, respectively.

To avoid clumping of the reinforcement, the reinforce-
ment was sprinkled into the mortar mixture during the
mixing process through a plastic rack, as shown in Fig. 6c¢,
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(c) Close-up view of corroded beams

Fig. 4 RC beams during accelerated corrosion tests
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Fig. 5 Configuration of RC beams before and after strengthening

to increase evenly dispersion. The mortar gradation deter-
mined for a single pour was 60 lits, as shown in Table 4. It
should be noted that a forced mixer with a capacity of 80
lits was used to mix concrete and high strength fibers. For
testing the high-performance steel fiber mortar, the cylin-
drical mold with a diameter of 5 cm and a height of 10 cm
was performed. The sand used in the high-performance
steel fiber mortar was washed and dried to constant mass
before pouring, and its fineness modulus determined

2
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according to ASTM C125 [39] was 3.05. The density
measured in a pyknometer as per ASTM C128 [40] was
2.67 ton/m>. The water absorption of sand tested according
to ASTM C128 was 1.6%. The amount of water desiccant
of the sand must be considered during the experiment.
Figure 6d shows the mixed high-performance steel fiber
mortar for the strengthening of the corroded RC beams.
The beams H1, H2, and H3 were taken from the cor-
rosion test and removed the cover concrete, as shown in
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(a) Silica fume
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(c) Steel fiber sprinkling

Fig. 6 High-performance steel fiber mortar

Table 4 High-performance fiber steel mortar proportions

(d) Mixing the high-performance steel fiber mortar

W/C  Water, Cement, C (kg) Sand, (kg) Silica fume Additives (kg) Micro steel fiber (kg) Slump (mm) Strength, f’. (MPa)
W@ (kg)
0.325 147 40 83.1 6.0 0.8 4.48 240 72.6

Fig. 7a. All cover concrete layer at two thirds of the beam
height (i.e., 20 cm) and the bottom were removed using
concrete cutters and drills, as shown in Fig. 7a-b. The
reinforcements were cleaned of the corroded part and
continue to use. Two longitudinal reinforcements with D16
were newly added to the tensile area, as shown in Fig. 7b.
The new bars were connected to the old bars (i.e., corroded
ones) using binding wires, as shown in Fig. 7c. Addition-
ally, U-shaped transversal reinforcements (in Fig. 7d) with
a diameter of 6 mm and a spacing of 150 mm were
attached to the beams. The new transversal rebars were
drilled into the concrete and binded with the longitudinal
rebars using steel wires. After setting up the formwork
(Fig. 7e), self-compacting high-performance steel fiber
mortar was poured to strength the corroded RC beams as
well as provide a protective layer for the reinforcements
(Fig. 7f). Therefore, the cross-sectional height of the beam
after strengthening was increased up to 320 mm, as shown
in Fig. 7g.

2.4 Bending Tests of RC Beams

All three corroded RC beams and three strengthened RC
beams with high-performance steel fiber were then taken to
bending tests. The test set-up is illustrated in Fig. 8. The
RC beams were placed on two bearings and loaded through
two points, as shown in Fig. 9. The applied load was
gradually increased through the beam deflection control.
The loader and strain gauges were connected to the data
logger so that the force and deflection can be recorded
simultaneously. Additionally, two pi-gauges were used to
detect cracks occurring on the beam. One is at the center of
the beam and the other is on the left of the beam. During
the loading process, the relationship between applied load
and deflection as well as crack formations were monitored.
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Corroded—/» g
rebars

(b) Installing strengthening reinforcing bars

(d) Additional U-shaped rebars

(g) Removing the formworks

Fig. 7 Strengthening of corroded RC beams using high-performance steel fiber mortar

3 Results and Discussion

3.1 Weight Reduction of Reinforcing Bars
after Corrosion

The tested beams were crushed to remove the reinforcing

bars and the diameter of all rebars was measured, as shown
in Fig. 10a. Then, the weight of the remaining rebars was

E % Q Springer

checked, as shown in Fig. 10b. Noting that, in this figure,
the DC is referred to as the non-corroded RC beam, while
HI1, H2, and H3 are referred to as 1-month, 2-month, and
3-month corroded RC beams. For the DC beam, the orig-
inal weight of reinforcements was 23 kg, whereas, the
weight of beams H1, H2, and H3 was reduced to 20.4 kg,
19.7 kg, and 17.3 kg, respectively. In other words, the
weight loss of those corroded beams was 11.3%, 14.3%,
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Fig. 8 Schematic diagram of experiments

Fig. 9 Bending test setup
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Fig. 10 Weight reduction of reinforcing bars after corrosion

and 24.8%, respectively. The longer embedded time in the
salt solution the more corroded in the RC beam. Moreover,
the loss of reinforcement due to corrosion was not even
along with the reinforcing bars. Accordingly, the cracks
were spread wider at where the reinforcement was

corroded. The experimental result showed that the corro-
sion of reinforcement was mostly focused on the middle
area of RC beams. The observed result can be attributed to
the reason that the middle area contains a higher moment
under its self-weight, therefore few micro cracks have
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occurred in the area leading to higher corrosion during the
accelerated corrosion procedure [41].

It should be noted that since the beams in each pair are
identical, the weight loss of reinforcement was assumed to
be mostly identical. Specifically, the weight loss of steel
values was measured after demolition of C1, C2, and C3.

3.2 Load-Displacement Relationship

Figure 11 shows the relationship between load and
deflection of different tested RC beams including three
various corroded beams (i.e., Cl1, C2, and C3), three
strengthened beams with high-performance steel fiber
mortar and normal reinforcements (i.e., H1, H2, and H3),
and one non-corroded beam (i.e., DC). It can be observed
that the flexural stiffness and ductility of beams strength-
ened with high-performance steel fiber mortar and normal
reinforcements were significantly improved than those of
the corroded and non-corroded beams. Moreover, there wa
s a minor difference in strength and stiffness of the

200

150

100

Load (kN)

50

Deflection (mm)

Fig. 11 Load versus displacement at the middle of the tested beams
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corroded RC beams after strengthening. It is attributed to
the reason that the high-performance steel fiber mortar
plays a very important role in providing the flexural
capacity of the RC beam.

The strength of beams H1, H2, and H3 were 191.87 kN,
192.37 kN, and 185.94 kN, respectively, with a difference
of less than 3.3%. The mean strength of those strengthened
beams was 190.06 kN, which was 2.35 times higher than
that of the non-corroded beam (i.e., 80.91 kN). After
strengthening, the strength of the beams was 2.52 times
increased than that of the corroded beams (i.e., C1, C2, and
C3).

Additionally, the stiffness and ductility of strengthened
RC beams were significantly improved compared to those
of corroded beams. The stiffness of retrofitting beams was
double increased than that of non-retrofitted beams,
meanwhile, the ductility was 1.5-2.0 times enhanced after
strengthening. Also, a descending branch was visible in the
load—deflection curves of the strengthening RC beams.
This behavior was not observed for the non-retrofitted
beams, which was failure suddenly after reaching a yield-
ing state. This finding highlighted that the high-perfor-
mance steel fiber mortar can be a feasible solution for the
strengthening of corroded or degraded RC structures.

Figure 12 shows the relationship between applied load
and strain of concrete at the middle of the strengthened
beams. It can be found that the tensile concrete strains of
strengthened beams H1, H2, and H3 were rapidly devel-
oped after the applied loads exceeded 100 kN, 70 kN, and
50 kN, respectively. Additionally, at a load of 185 kN, all
the beams reached tensile strains, approximately, 3200,
3500, and 4000 mm/mm, respectively. Meanwhile, the
compressive concrete strains of those beams were gradu-
ally increased up to ultimate values, 2300, 2100, and
2000 mm/mm, respectively.

Compressive strain at the beam midpoint
200

180 | H1
160 H2

140 + —H3
120 |
100 |
80 |
60 |
40 t
20 +

0 1 1 1 1
-2500  -2000 -1500 -1000  -500 0 500

Compressive strain (mm/mm)

Load (kN)

Fig. 12 Load versus strain of concrete at the middle of strengthened beams
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Fig. 13 Crack distribution of the strengthened beams
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3.3 Crack Development

Crack patterns of strengthened beams are shown in Fig. 13.
The space of these cracks is relatively even. For beam HI1,
cracks were formed at the middle beam with the load of 32
kN, then was spread further to other regions. At the load of
116 kN, the width of the crack was 0.1 mm at the middle
beam. When the load was increased up to 150 kN, the
cracks were more developed. At this time, the crack under
the load point on the right was significantly opened, then
inclined toward the load point. Also, adjacent cracks were
continuously developed. At the applied load of 191.87 kN,
the cracks were significantly developed, the beam reached
ultimate capacity. Finally, the beam was failed in flexure. It
can be attributed to the reason that the tensile stress was
focused on the middle area of the beams. As the applied
load increased, the tensile stress was increased, and the
flexural cracks occurved when the demand exceeded the
capacity. These failure modes were observed for both three
strengthened RC beams.

Regarding beam H2, the first crack occurred at the
middle beam with the load of 37 kN, then it was spread to
both sides. At the load of 104 kN, the crack width was
0.1 mm at the middle beam. Similar to beam HI, at the

Crack width at the middle beam

0 0.05 0.1 0.15 0.2 0.25
Crack width (mm)

Fig. 14 Development of crack width at the middle of strengthened
beams

N|
N

! |

load up to 145 kN, the cracks were more developed toward
the compressive zone and significantly opened. Then, the
load was increased to 192.37 kN, the beam was attained the
ultimate strength and started losing capacity.

Similarly, the first crack occurred at the middle of beam
H3 with a load of 30 kN, then the crack was spread out to
nearby regions. At the load up to 130 kN, the cracks under
load points were more developed toward the compressive
zone and significantly opened. The development of cracks
on beams H2 and H3 was quite similar. Since the applied
load was increased up to 192.37 kN, the beam was attained
the ultimate strength and it started losing capacity.

Figure 14 shows the evolution of crack width at the
middle of strengthened beams. The crack widths of H1, H2,
and H3 were gradually expanded and attained the ultimate
values of 0.15, 0.23, and 0.22 mm, respectively. Moreover,
it was shown that the crack width of beams H2 and H3
were larger than that of H1. This is attributed to the reason
that beam H2 and H3 were more significantly corroded
than that H1 was imposed.

4 Comparison Between Theory
and Experiment Results

In this section, a comparison of the flexural capacity of RC
beam between theory and experimental tests is presented to
emphasize the contribution of high-performance steel fiber
mortar to flexural strength. The theoretical calculation of
the flexural capacity of RC beams is shown in Fig. 15. The
results of the calculated theory were complied with the
guideline of TCVN 5574-2012, as provided in Table 5. It
was found that bending moments (i.e., M,) of three beams
HI1, H2, and H3 without strengthening with high-perfor-
mance mortar were 68.1, 66.8, and 63.4 kN.m, respec-
tively. Specifically, the bending moments of the H2 beam
and H3 beam were relatively smaller than that of H1 since
the reinforcement loss in H2 and H3 beams was higher than
that in H1. Accordingly, the calculated ultimate loading
(P") can be determined using equation P<" = 6M, /L,
resulted as 136.2, 133.7, and 126.8 kN, respectively. It
should be noted that the theoretical calculation ignored the

Corrosive steel

L/3=1000 1/3=1000

L/3=1000

reinforcement

320

0%
o
N

Reinforced
reinforcement

© L=3000

200

Fig. 15 Calculation of flexural capacity of RC beam
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Table 5 Results of calculated theory and experiments

Beam  Weight loss of steel (%) f:(MPa) h(mm)  b(mm) A;(mmz) A,(mm?)  M,(kN.m) Pl (kN)  PgP(kN) f,’l

DC 0 26.3 300 200 262.2 402.2 36.000 72.00 80.91 1.12
H1 11.30 19.4 320 200 262.2 759.0 68.125 136.25 191.87 1.40
H2 14.30 17.2 320 200 262.2 746.9 66.884 133.77 192.37 1.43
H3 24.80 16.6 320 200 262.2 704.7 63.402 126.80 185.94 1.46

tensile strength of concrete and steel fiber mortar. In other
words, the Pfﬁl' values in Table 5 do not consider the
effects of the steel fiber mortar.

Based on experimental tests, the load corresponding to
the ultimate strength of the beams was obtained, as pre-
sented in Sect. 3.2. The experiment-based ultimate loading
results of HI, H2, and H3, (i.e., P{7") were 191.8, 192.3,
and 185.9 kN. It can be observed from Table 5 that after
strengthening with the high-performance steel fiber mortar,
the flexural resistance of the H1, H2, and H3 beams was
increased by approximately 41%, 43%, and 46%, respec-
tively, compared to those of non-retrofitted beams (i.e.,
without high-performance mortar). This finding high-
lighted that the high-performance steel fiber mortar had
significant effects on the bearing capacity of the beam,
even though reinforcing bars were newly added to the
tensile region of RC beams. The difference between the
experiment and calculation was contributed by the tensile
strength of the high-strength steel fiber mortar.

5 Conclusions

Six reinforced concrete (RC) beams were corroded in
1 month, 2 months, and 3 months with a 3% NaCl solution
and the direct current power type of 900 pA/cm?. Those
corroded beams were then strengthened using the high-
performance steel fiber mortar and normal reinforcements.
Flexural tests were conducted to evaluate the structural
capacity improvement of strengthened RC beams. Based
on experimental results, the following conclusions are
drawn.

e The lost weights of reinforcement of RC beams due to
1-month, 2-month, and 3-month corrosion time are
11.3%, 14.3%, and 24.8%, respectively.

e The strength of retrofitted RC beams is increased by
2.35 and 2.52 times than that of non-corroded and
corroded beams, respectively.

e After strengthening with high-performance steel fiber
mortar, the flexural resistance of the strengthened RC
beams H1, H2, and H3 were increased by 41%, 43%,

and 46%, respectively, compared to those of non-
retrofitted beams.

e The stiffness and ductility of strengthened RC beams
are significantly improved.

e High-performance steel fiber mortar can be a promising
solution for the strengthening of corroded or degraded
RC structures.
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