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Abstract 

Among infrastructure, concrete bridges are the most exposed to various environmental effects. Structural degrada‑
tion occurs due to natural and artificial influences shortening the lifespan of the structure. Therefore, bridges need 
to be reinforced over time. The structures used in this study are re‑formed using aged bridge floor decks that have 
been used for 50 years, approximately. The fiber‑reinforced polymer (FRP) adhesion method, using sheets and plate 
forms, was selected among various reinforcement methods to investigate the performance of reinforced structures. 
We have tested various reinforcement scenarios including one and two layers FRP sheets and FRP plates. The mechan‑
ical properties of the reinforced structures were evaluated experimentally through tensile strength and flexural test 
experiments. In contrast to most available literature focused on model‑based studies, our present work represents 
an experimental test validation of structural reinforcement on an actual bridge. Our results indicate that fiber‑based 
reinforcement in sheet form exhibits higher performances of the reinforced structure compared to reinforcement 
using the plate form. This study is intended to provide sufficient data for reinforcing bridge floors that could be used 
for reference at future construction sites.
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1 Introduction
Concrete structures degrade over time (Shin, 2012; Shin 
et  al., 2013). Degradation is caused by artificial factors 
such as fatigue, load, and vibration, alongside natural 
and environmental factors such as seasons, rain, and 
exposure to maritime environment at coastal locations 
(Mehta et  al., 2006; Sidney et  al., 2003). The degrada-
tion phenomenon induces weakness in concrete struc-
tures, cracks, and rebar corrosion, thus considerably 

reducing their durability, safety, and usability. Among 
infrastructure, bridge structures are particularly exposed 
to the environmental effects of various locations and 
environments, mainly because these structures are sig-
nificantly affected by external degradation both directly 
and indirectly (Shin, 2012; Shin et  al., 2013). Therefore, 
the degraded structures need to be reinforced over time. 
Various designs and methods are usually applied for rein-
forcing concrete bridges (Ministry, 2019). Examples of 
these methods include (1) the replacement method for 
restoring or enhancing load-carrying capacity by replac-
ing or removing part or all of the degraded elements, (2) 
the cross-sectional expansion method for increasing the 
flexural moment accompanied by the increase of the neu-
tral axis attributed to the compression of the concrete 
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bridge’s upper plate and improvement of the load resist-
ance to the shear, and (3) the concrete winding method 
that increases the load-carrying capacity of the degraded 
element by adding concrete around the existing con-
crete or wrapping it with stiffener. However, in the case 
of flexural and shear reinforcement, the review of the 
application process by a professional technician is neces-
sary (Ministry, 2019). Additional reinforcement methods 
include the longitudinal girder extension method that 
reduces the moment and shear force by adding girder 
to slabs such as bridge floor decks, the support method 
that reduces the working force by establishing new piers 
and support points inside the span and shortening the 
span, the steel sheet reinforcement method in which steel 
sheets are installed on concrete members and integrated 
with existing members to improve performance, the fiber 
reinforcement method that improves member perfor-
mance by bonding fibers and plate shapes to concrete 
member surfaces, and the external prestressing method 
that introduces prestress for flexural and shear reinforce-
ment of concrete bridges (Fan et  al., 2019; Herbrand & 
Classen, 2015; Ministry, 2019; Pisani, 2018; Yang et  al., 
2018). Among these various reinforcement methods, 
the steel sheet and the fiber reinforcement methods are 
the most widely studied and applied (Firmo & Correia, 
2015; Franco et al., 2018; Mathew & Prabhakaran, 2018; 
Mostofinejad & Moshiri, 2015; Tajmir-Riahi et al., 2019). 
In the case of the steel sheet reinforcement method, the 
material properties of the steel sheet are well presented. 
However, challenging construction difficulties related to 
problems such as weight hinders the ease of application 
for this method for large structures (Kim et  al., 2008). 
Therefore, the fiber reinforcement method is mainly 
used when the area is large and is consequently the most 
widely commercialized method (Bilotta et  al., 2015; 
Kim et al., 2008; Moshiri et al., 2020; Triantafyllou et al., 
2018). In this study, the fiber reinforcement method is 
applied to actual structures degraded due to aging (Cor-
reia et al., 2017; Khalifa, 2016). The materials commonly 
used in the fiber reinforcement method are mainly glass 
fiber reinforced polymer (GFRP), Aramid fiber reinforced 
polymer (AFRP), and carbon fiber reinforced polymer 
(CFRP) (Kim et al., 2010; Kishi et al., 2020). These vari-
ous materials have different physical properties. Among 
them, CFRP exhibits relatively higher tensile strength and 
elastic modulus compared to GFRP and AFRP (Ali et al., 
2021; Bakalarz & Kossakowski, 2019; Brózda et al., 2017; 
Kim et al., 2010). Therefore, the CFRP with the best per-
formance is used for reinforcement in the form of plates 
with several sheet layers. As such, the most important 
parameter for reinforcement is the adhesion between 
CFRP and concrete interfaces, which plays a key role in 
its integrated behavior. The mechanical performance 

of CFRP reinforcement in a plate form is initially iden-
tified using measurements of tensile properties, before 
its attachment to concrete structures. Several studies on 
CFRP reinforcement have been reported in the litera-
ture. Zhang et  al. (2015) experimentally compared and 
analyzed the performance of a 1200 mm arched concrete 
model beam by setting variables according to thickness 
in the form of CFRP sheet and strip. Helal et  al. (2020) 
evaluated the flexural performance of 150 × 300 mm RC 
specimens according to the content rate of steel fiber 
and synthetic fiber and the attachment of the CFRP 
sheet. Salama et al. (2019) evaluated the structural flex-
ural performance according to the number of files and 
the reinforcement of the CFRP sheet on the bottom and 
side surfaces of a 2  mm beam tension side of the RC. 
Jawdhari et al. (2018) evaluated and compared the struc-
tural performance of a 3  m RC beam of 150 × 150  mm 
according to the thickness of the tensile side CRP and the 
overlapping variables of the tensile side reinforcement 
specimens and CFRP tensile side. Al-Khafaji et al. (2020) 
compared and analyzed the performance of a T-beam 
before and after performing a three-panel-point experi-
ment by adding CFRP reinforcement and introducing the 
width and number of layers as variables to their model 
structure in reverse using the 3  m RC structure of the 
T-beam (Al-Khafaji et al., 2020; Helal et al., 2020; Jawd-
hari et al., 2018; Salama et al., 2019; Zhang et al., 2015). 
Reported works on CFRP reinforcement methods have 
been mainly conducted on calculated models considering 
non-degradable and small structures. The main element 
of differentiation in our present paper is the fact that we 
have evaluated the performance by applying the CFRP 
method to real degraded structures that have been used 
for decades. Therefore, in this study, CFRP are used, con-
sidering various environmental, chemical, and strength 
aspects observed in previous research. CFRP possess sev-
eral advantages that conventional metallic materials do 
not have, such as high specific strength, tensile strength, 
modulus of elasticity, low thermal expansion coefficient, 
and high fatigue strength.

To this end, this study analyzes the flexural perfor-
mance of a floor deck structure reinforced with one 
and two layers FRP sheet, and two layers of FRP plate 
on the bottom surface using the floor deck that receives 
the most vehicle load among the various parts of the 
aged bridge. The performances of all the above cases 
are compared to the performance of the floor deck 
structure with no reinforcement. A material physical 
property test of the FRP reinforcing material was also 
performed to improve the accuracy in these experi-
ments. Although most of the previous studies were 
focused on reinforcing small-scale or un-degraded 
structures, this study aims at reinforcing aged bridges 
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by performing proper stiffness and behavior analyses 
and comparing results to those of unreinforced bridge 
specimens. Thus, this study is intended to provide a 
sufficient set of data for reinforcing floors that could be 
used for reference at future construction sites.

2  Materials and Methods
The target bridge used in this study is a bridge located in 
Gangneung-si, Gangwon-do, South Korea. The bridge 
was completed in September 1975 as a two-lane bridge 
and has been used for just under 50  years. The super-
structure form is PSC-I, with a short-span and span com-
position of approximate widths of 26.3  m and 11.8  m, 
respectively. In addition, the effective width, height, and 
maximum diameter of the bridge are 7.2  m, 7  m, and 
25  m, respectively. Finally, the total number of spans of 
the bridge is one, and the design load is DB-24.

2.1  Test Specimens Remolding
A 3000 × 1650 × 210  mm piece has been extracted from 
the bottom deck of the aged bridge as a test specimen. 
Before taking measurements, the test specimen is re-
formed, as shown in Fig. 1, to make four specimens cut 
into 125 × 1650 × 210 mm sizes as shown in Fig. 2. Only 
one tension bar was arranged at the center of the bottom 
end to maintain the same experimental conditions during 
structural measurements.

The reason for longitudinally shaping the specimen 
as shown in Fig.  2 is related to the direction of vehicle 
movement and the support points of the floor deck. This 
study aims to assess the maximum flexural performance 
of the floor panel due to vehicle passage. Therefore, the 
specimen was reshaped as shown in Fig. 2 to confirm the 
condition where both ends of the existing floor panel act 
as support points.

2.2  Concrete Strength Test Method
Before the structural test, the concrete strength test is 
performed first, as shown in Fig.  3. In this case, a con-
crete core test sample is collected from the floor deck and 

Fig. 1 Concrete deck remolding

Fig. 2 Concrete deck remolding detail

Fig. 3 Concrete compressive strength test
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compressive strength and splitting tensile strength tests 
are performed, according to KS F 2405 (Standard test 
method for compressive strength of concrete) and KS F 
2423 (Standard test method for splitting tensile strength 
of concrete), respectively (KS F 2405; KS F 2423). Com-
pressive strength and splitting tensile strength tests apply 
loads to 100 × 200 mm test specimens, vertically and hor-
izontally depending on the test method. 1000  kN UTM 
(Universal Testing Machine) is used as test equipment.

2.3  CFRP Tensile Strength Method
A tensile strength experimental test is conducted on 
the CFRP sheet used in this study, according to the KS 
M ISO 527–5 (Plastics-Determination of tensile prop-
erties-Part 5: Test conditions for unidirectional fiber-
reinforced plastic composite) standard. Two types of FRP 
sheets (one layer and two layers) are used for this experi-
ment. Twenty specimens are tested for each FRP sheets 
type. The overall length of the specimen is 250 mm with 
a thickness of 2 ± 0.2  mm and a width approximately 
equal to 25 ± 0.5 mm, as shown in Table 1. Both sides of 
the individual test specimen should be parallel within 
0.2  mm, as shown in Fig.  4, and both ends should be 
reinforced with reinforcing bands. In this case, the rein-
forcing band should be made of a cross-laminated plate 

or a glass fiber/resin laminated plate, such that the fiber 
direction is ± 45° with respect to the axis of the test speci-
men. Importantly, the ends should maintain a thickness 
in the range of 0.5 to 2  mm, and an angle at the edge 
equal to 90°. However, different reinforcing treatment 
methods are allowed, with the condition of maintain-
ing the same length as before and keeping the variation 
coefficient in the same order of magnitude as for the 
recommended reinforcing band. Other methods include 
reinforcing bands made of the same material as the speci-
men, reinforcing bands in which mechanical tightening 
is enabled, and non-bonding reinforcing bands made of 
rough surface materials (using abrasive paper, sandpaper, 
and rough surface bite). To manufacture a specimen, an 
FRP sheet was cut and prepared by mixing with EPON-
DEX resin to perform impregnation in one layer and two 
layers. After more than 7 day of natural curing to secure 
strength, it was cut to 250 mm in length and 25 mm in 
width according to KS M ISO 527–5 standard (KS M 
ISO527, 2012). Furthermore, the FRP-based reinforcing 
band was cut into 50 mm in length and 25 mm in width, 
and the surface of the specimen and reinforcing band was 
roughened with sandpaper. Finally, the two layers of the 
reinforcing bands were bonded with an instantaneous 
adhesive, and the reinforcing band was reattached to the 
specimen.

A tensile test was performed using a 100  kN-capacity 
UTM and the response of the specimen was measured 
through a strain sensor attached to its center. After the 
distance between bites was marked as 136 mm, the rein-
forcing band part was fixed to ensure non- eccentricity 
using UTM with a capacity of 100 kN. Subsequently, the 
experiment was carried out until fracture with a displace-
ment control of 1 mm/min according to KS M ISO 527–5 
standard (KS M ISO527, 2012).

2.4  CFRP Strengthening Method
Fig.  5 shows a specimen according to the reinforce-
ment method. The specimen size was kept the same. An 
unreinforced control specimen is shown in Fig.  5(a) for 
reference. Various reinforcement configurations corre-
sponding to one and two layers of CFRP sheet are illus-
trated in Fig.  5(b, c), respectively. Fig.  5(d) shows the 
reinforcement with a CFRP plate. The layered CFRP 
sheet adhered to the specimen using liquid epoxy, while 
the CFRP plate adhered using a putty type epoxy. A 
1-month curing period was sufficient. The reinforcement 
length was 1440 mm, corresponding to 90% of the length 
of the support point at both ends, i.e., 1600 mm.

2.5  Flexural Experimental Method
Fig.  6 presents the installed sensors’ locations on the 
specimen and illustrates the experimental method 

Table 1 FRP sheet tensile specimens’ details

Section Description Size (mm)

L3 Total length 250

L2 Distance between reinforcing bands 150 ± 1

b1 Width‑to‑width distance 25 ± 0.5

h Thickness 2 ± 0.2

L0 Point‑to‑point distance 50 ± 1

L Bite‑to‑bite distance 136

LT Length of reinforcing band  > 50

HT Thickness of reinforcing band 0.5 ~ 2

Fig. 4 Dimensional parameters of the FRP sheet tensile specimens 
(KS M ISO527, 2012)
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for the structural experiment. A UTM with a maxi-
mum load capacity of 5000 kN and a maximum stroke 
of 750  mm was used as loading equipment for apply-
ing loads to the test specimen. In the experimental 
method, the point distance was set at 1600 mm with a 
three-point load. The load was applied using a hydrau-
lic press at the center position. The experiment was car-
ried out with displacement control of 1 mm/min until 
the specimen was destroyed. To measure the vertical 
displacement when applying a load to a test specimen, 
one DT displacement meter was installed at each of 
the L/4, L/2, and 3L/4 points. To measure the strain, 
the height of 210 mm was divided into four equal parts 
at the center of the side surface, and S1 to S5 were 

sequentially installed from the top at equal intervals. 
Moreover, rebar strain sensors (B1 to B3) were installed 
at each of the L/4, L/2, and 3L/4 points based on the 
point distance at the bottom part.

2.6  Test Results
2.6.1  Concrete Strength Test Results
Table 2 shows the compressive strength and splitting ten-
sile strength of the aged bridge floor deck. A total of three 
test specimens were used. However, in the compressive 
strength test, only two test specimens were measured 
due to errors. It was identified that the compressive 
strength of concrete was 36 and 40  MPa, with an aver-
age of 38  MPa. The splitting tensile strength was found 

(a )

(b )

(c )

(d )
Fig. 5 Strengthening methods: a control; b CFRP sheet 1 layer; c CFRP sheet 2 layers; d CFRP plate
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to be 4, 5, and 5 MPa, with an average of 4.6 MPa. It was 
confirmed that the splitting tensile strength was normally 
1/9–1/13 of the compressive strength.

2.6.2  CFRP Tensile Strength
Table 3 shows the tensile strength test results of one layer 
and two layers of the CFRP sheet. In the case of a single 
layer sheet, the maximum load and elastic modulus were 
found equal to 11.38  kN and 51.37  GPa, respectively. 
The maximum load and elastic modulus of the double 
layer sheet were found to be 12.98  kN and 111.75  GPa, 
respectively. The maximum load and elastic modulus of 
the two-layer sheet are approximately 1.14 and 2.18 times 
higher than the one-layer sheet, respectively. Based on 
the result of measuring the thickness using the Vernier 
Calipers, the average thickness of one layer was 0.81 mm 
and the average thickness of two layers was 1.51 mm. It 

was observed that the one-layer sheet showed a central 
fracture during the tensile test, while the two-layer sheet 
had an inter-layer slipping phenomenon in most cases. 
Thus, if CFRP and two-layer sheet show proper adhe-
sion performance, they will show more improved tensile 
performance.

2.6.3  Flexural Experimental Test Results
Table  4 presents the displacement of each specimen 
as a function of the applied load. Load–displacement 
curves are shown in Fig.  7. Table  5 shows the load 
increase rate at the maximum load for each reinforce-
ment test specimen compared to non-reinforcement. 
The maximum loads of non-reinforcement, CFRP sheet 
(1), CFRP sheet (2), and CFRP plate are 27.75, 48.00, 
59.75, and 29.90  kN, respectively. The maximum load 
of each reinforcement test specimen increased by 1.78, 
2.21, and 1.11 times, respectively, compared to the 
unreinforced test specimen. Moreover, the maximum 
displacement at the maximum load was found to be 
3.71, 4.48, 6.10, and 2.68  mm, respectively. The stiff-
nesses up to an initial displacement of 2  mm, which 
is yield load, of the CFRP plate, CFRP sheet (1), and 
CFRP sheet (2) increase approximately by 1.25, 1.90, 
and 2.70 times, respectively, compared with the unre-
inforced test specimen. Furthermore, the ductility was 
secured in the order of sheet (2), sheet (1), and plate 
up to the maximum load after the yield point. In the 
case of the destruction mode, the sheet appears in the 
form of adhesion destruction, and the plate appears 

Fig. 6 Flexural test method

Table 2 Compressive strength and splitting tensile strength of 
the deck

Deck

No Compressive Splitting Tensile

Load(kN) Strength(MPa) Load(kN) Strength(MPa)

1 285 36 82 4

2 317 40 108 5

3 – – 107 5

Avg 301 38 99 4.6
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in the form of shear destruction. We observe that the 
reinforcement effect certainly appears when compar-
ing the degraded floor deck with the unreinforced test 
specimen and test specimens processed with vari-
ous reinforcement methods. In particular, the present 
results clearly show that the performance in the case of 
CFRP sheet reinforcement is remarkable. However, in 
the case of plate reinforcement, performance was not 
significantly improved. For this reason, the plate-rein-
forcement test specimen in this case did not undergo 
adhesion destruction. Instead, shear destruction pro-
ceeded near the point, and cracks were generated in the 
longitudinal direction at a height of about the middle 
of the beam leading to the end of the experiment. In 

Table 3 Tensile strength results of CFRP Sheet 1 and 2 layers

Sheet (1 l year) Max load (kN) Young’s 
modulus 
(GPa)

Thickness (mm) Sheet (2 l year) Max Load (kN) Young’s 
modulus 
(GPa)

Thickness (mm)

1 9.19 45.75 0.72 1 16.73 120.41 1.51

2 15.30 51.77 0.77 2 10.43 126.81 1.46

3 17.22 42.39 0.82 3 19.21 103.63 1.38

4 6.43 52.75 0.83 4 15.16 126.24 1.45

5 16.19 49.34 0.77 5 12.69 99.82 1.49

6 9.37 49.91 0.80 6 3.86 115.13 1.58

7 13.72 48.49 0.76 7 9.61 111.78 1.51

8 15.11 51.87 0.86 8 5.89 111.89 1.37

9 7.65 42.45 0.83 9 12.59 107.17 1.48

10 10.10 47.07 0.82 10 17.22 92.17 1.40

11 5.33 46.43 0.84 11 12.93 103.47 1.46

12 8.85 53.77 0.81 12 10.99 94.54 1.45

13 11.09 34.12 0.87 13 9.92 95.84 1.54

14 13.91 65.02 0.78 14 15.73 112.11 1.75

15 14.09 52.49 0.79 15 20.60 166.65 1.59

16 11.05 62.48 0.86 16 17.41 109.77 1.72

17 8.22 53.08 0.80 17 12.98 101.13 1.62

18 13.11 70.37 0.77 18 11.27 106.44 1.47

19 9.48 56.07 0.87 19 9.91 99.97 1.45

20 12.18 51.76 0.86 20 14.39 129.94 1.54

Avg 11.38 51.37 0.81 Avg 12.98 111.75 1.51

Table 4 Test results details of specimens

Specimens Load (kN) DT1 (mm) DT2 (mm) DT3 (mm)

Control (Non‑
strengthening)

27.75 3.30 3.71 3.27

CFRP sheet (1) 48.00 2.79 4.48 4.71

CFRP sheet (2) 59.75 2.95 6.10 1.95

CFRP plate 29.90 1.77 2.68 2.37

Fig. 7 Load–displacement of the flexural test

Table 5 Maximum load comparison of specimens

Specimens Load (kN) Load increase rate compared 
with non-reinforcement (%)

Control (Non‑
strengthening)

27.75 –

CFRP sheet (1) 48.00 72.97

CFRP sheet (2) 59.75 115.32

CFRP plate 29.90 7.75
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the aged bridge floor deck used in this study, the con-
crete floor was reinforced once more during the period 
of use, and hence, it is judged that this phenomenon 
occurred due to a problem in the interface between the 
existing concrete floor and the new concrete floor. Plate 
reinforcement is judged to have a significant reinforce-
ment effect similar to sheet reinforcement when the 
floor deck performs integrated behavior.

Fig.  8 presents the concrete load–strain curve for 
each test specimen variable. The compressive fracture 
strain of concrete is 0.003. Fig. 8(a) shows the results of 
an unreinforced specimen. The uppermost S1 concrete 
strain gauge changes drastically at a point with a load of 
about 15 kN. Additionally, the tensile strain gauge rapidly 
changes at the load of 45 kN in Fig. 8(b), and the com-
pressive strain gauge shows a steady occurrence of the 
strain. Fig. 8(c) shows an abrupt and strong variation on 
the strain gauge at the early start of the test in both com-
pression and tension. In Fig. 8(d), both compression and 
tension are observed to change rapidly at 25 kN points. 
Overall, the upper part represents a compression strain 
form and the lower part represents a tensile strain form. 
In particular, the unreinforced test specimen and the 
CFRP plate reinforced test specimen exhibit a compres-
sion destruction form. Compression destruction is a dan-
gerous form as it represents the brittle behavior of the 
structure. And the reason for this is that the floor deck 
used in this study is a concrete reinforced floor deck, and 
the concrete on the top of the floor deck is expected to 
have lower strength than the lower concrete.

Table 6 presents the calculation results of the amount 
of movement of the neutral axis obtained using a lateral 
strain sensor. The neutral axis position was determined 
by calculating the girder height at which the strain curve 
for each height passes through the strain 0 points accord-
ing to the load for each attachment position of the sub-
ject strain sensor. The unreinforced test specimen shows 
a pattern in which the height of the neutral axis rises 
sharply at the loading position and then decreases again 
as the load increases. CFRP sheet (1) shows a tendency 
that the height of the neutral axis gradually decreases 
at the loading position and then increases again as the 
load increases. CFRP sheet (2) shows a pattern in which 
the height of the neutral axis gradually decreases at the 
loading position and then increases again as the load 
increases. Finally, the CFRP plate shows a pattern in 
which the neutral axis position rapidly rises at the loading 
position and then decreases again as the load increases.

Fig. 8 Load—Strain of specimen: a control; b CFRP sheet 1 layer; c 
CFRP sheet 2 layers; d CFRP plate

▸
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3  Conclusions
In this study, a fiber reinforcement method was applied 
to an aged bridge floor deck. FRP sheet (one, two layers) 
and plate were used for reinforcement. A tensile force 
test was performed to investigate the performance of the 
reinforced structure’s specimens. Based on the results of 
the flexural experiment after reinforcement, we draw the 
following conclusions.

(1) Based on the results of performing a one- or two-
layer tensile test on the CFRP sheet, it was con-
firmed that the maximum load of the two-layer 
specimen increased 1.14 times and the elastic 
modulus approximately doubled. However, as most 
of the two layers showed inter-layer slipping phe-
nomena, higher tensile strength could be expected 
if attached properly.

(2) As a result of the flexural tests after reinforcement 
using the FRP sheets (1), (2), and FRP plate, the 
stiffness increased(Initial displacement: 2  mm) by 
approximately 1.25, 1.9 and 2.7 times compared to 
the unreinforced test specimen. In particular, the 
FRP sheet reinforcement showed a reliable rein-
forcement effect, while the plate showed an insuf-
ficient reinforcement effect.

(3) The maximum load increases the load by 1.78, 2.21, 
and 1.11 times, respectively, compared to the con-
trol test specimen. The reinforcement effect of the 
FRP sheet is certain. In the tensile material experi-
ment, a number of slips occurred in CFRP sheet (2), 
but the reinforcement effect is the greatest.

(4) The maximum sagging at the bottom plate center 
increases by 1.20, 1.64, and 0.44 times compared to 
the control test specimen, respectively. In this way, 
the sheet moved more integrally than the plate, and 
two layers were more stably judged than one layer.

(5) The flexural experiment results showed that adhe-
sion destruction and FRP dropout shapes appeared 
in all test specimens. Therefore, higher perfor-
mance can be expected when integrated with the 
concrete floor deck structure after proper reinforce-
ment. Further research is needed to improve adhe-
sion performance using anchors or various types of 
epoxy materials.

(6) In this study, an aged bridge floor deck that receives 
the most vehicle load was used. Moreover, the rein-
forcement method was limited to one type of adhe-
sion method and carbon fiber. Therefore, in future 
studies, more accurate comparison and analysis 
results can be deduced by performing research uti-
lizing various components of aged bridges, using 
various reinforcement methods such as external 
tensioning method and cross-section expansion 
method, using various fibers such as GFRP and 
AFRP, and using various stiffeners such as rebar and 
steel strand. Furthermore, the results of this study 
are available as data when reinforcing degraded 
bridges.
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Table 6 Neutral axis position according to load using strain

Load 
(kN)

Specimens height (mm)—Reference point at the bottom of 
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60 – – 114.42 –
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