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problem. In this study, the proportion of OPS used was 0%, 25%, 50%,
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Concrete, OPS, polyprolyne fiber, corrosion specimens use beam sizes with dimensions of 100 mm x 100
corrosion, NDT methods mm x 500 mm. The specimen has a corrosion rate of 7%. The specimen

is tested for flexural strength, in addition, the specimen is tested using
the Non-Destructive Testing (NDT) method at the age of 28 days and
after acceleration corrosion. The NDT methods used in this study were
resistivity and impact-echo as evaluation tools for the influence of OPS
and fiber on corroded concrete. Based on the results, the lowest value
of resistivity was 10.87 kohm/cm on 0% OPS post-corrosion specimen,
and the highest value of resistivity of 24.12 kohm/cm on 0% OPS pre-
corrosion specimen. Meanwhile, the impact-echo test obtained the
lowest value 0of 2625.33 kHz on 75% OPS post-corrosion specimens and
the highest impact-echo value of 11725.26 kHz on 0% OPS post-
corrosion specimens. With the increase in the percentage of OPS, the
resistivity obtained in pre-corrosion concrete will decrease as well as
the impact echo value, except for the 75% OPS specimen, while in post-
corrosion specimen impact-echo and resistivity are inversely
proportional. The greater the percentage of OPS in concrete, the
resistivity value tends to increase but the frequency of impact-echo
tends to decrease except in specimens with 75% OPS.
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1. Introduction

Infrastructure development that continues to grow yearly also affects the supply of existing materials. This is the
background of the need to review using normal concrete material mixtures such as gravel and sand. This is
because materials such as gravel and sand from nature are limited and will run out someday if they continue to
be used in large quantities without renewal or replacement [1]. In this case, it is necessary to have an alternative
innovation to replace the materials. Oil palm shell (OPS) is one of the alternative materials to replace the gravel
[2]. Indonesia is the country with the largest oil palm plantation in the World [3]. In 2018, the area of oil palm
plantations in Indonesia reached 14.3 million hectares [4]. Increasing oil palm production will cause the volume
of waste from oil palm to increase over time because the process of recycling the waste produced is not optimal
[5]. In this study, OPS partially replaced coarse aggregate for concrete mixtures. Many researchers investigate the
physical and mechanical properties of concrete with OPS as an aggregate replacement [6]-[21]. According to Khan
et al. [18], compressive strength decreases as the percentage of OPS in concrete increases. Therefore, fibre is
needed to strengthen the concrete [6], [22], [23].

During the COVID-19 pandemic in Indonesia, the Ministry of Environment and Forestry Republic of Indonesia
noted an increase waste from medical in the 30%-50% range. Medical waste was estimated at around 2,000 tons
in 2020 [24]. In addition, according to Sangkham [25], Indonesia is ranked the 9th largest medical waste-
producing country in the world, with 420.03 tons/day. They are adding a mask as fibre makes it possible to
strengthen the concrete. In this study, mask fibres were used for concrete mixtures. The mask has polypropylene
fibre in the material and can help increase the tensile strength of concrete [26]-[28]. According to Zhang et al. [29],
polypropylene fibre is commonly used to manufacture nanofibers because the fibre has high tensile strength.
Therefore, polypropylene fibre from mask waste is used as additional concrete mix material to increase the
concrete's strength. Environmental conditions such as seawater can cause degradation to concrete quality,
especially in Indonesia, where most of the country is seawater [30]. Indonesia has a seawater stretch area of
approximately 5.8 million km? and a coastline of 95,181 km. It is the country with the longest coastline in the
world [31]. Chloride concentration in seawater is usually prohibited in reinforced concrete (RC) structures, which
can accelerate steel reinforcement corrosion [32]. Seawater has corrosive properties that can diffuse and erode
the passive layer of steel reinforcement through the concrete pores, decreasing the concrete's durability [33], [34].
On the other hand, polypropylene fibre is resistant to chemical and alkaline reactions due to seawater [35].
Although using polypropylene fibre could reduce water absorption in concrete [36], [37], the research that uses
OPS and polypropylene fibre as concrete material in seawater environments is limited [35].

The effect of steel reinforcement corrosion on RC needs to be evaluated with an inspection method so that RC
can be repaired or maintained before it does not function properly because it is damaged by steel corrosion [38].
In a corroded RC structure, the volume of the corrosion product (rust) can be greater than three times the volume
of the original steel reinforcement material, resulting in cracks in concrete [39]. This is the beginning of RC
damage, which can eventually lead to more severe damage, thus shortening the life of the building in question.
Therefore, the non-destructive testing (NDT) method will be used as an inspection method to evaluate the
condition of OPS fibre-concrete in a corrosive environment. The NDT methods used in the study are resistivity
and impact echo. The ultrasonic pulse velocity (UPV) of NDT methods [40]-[44] has been studied to evaluate the
OPS fibre-concrete. However, there is a limited study on OPS-fibre concrete for other NDT methods, especially
when considering OPS-fiber concrete with steel reinforcement. Hence, this study aims to determine the feasibility
of using resistivity and impact echo for evaluating the steel corrosion of the fibre-concrete in pre-corrosion and
post-corrosion specimens with different percentages (%) of OPS as aggregate replacement.

2. Research Methodology

The materials used in the concrete mix are Portland cement, water, fine aggregate, coarse aggregate, OPS, and
polypropylene fibre from the medical mask. The maximum size used for gravel and OPS is 20 mm with specific
gravity of 1.39 and 2.68, respectively, and the size of the sand used is 0.0075 mm to 4.8 mm. The polypropylene
fibre is 20 mm long by 5 mm wide. The OPS and Polypropylene fibre are shown in Fig. 1.

Penerbit
UTHM



363 Int. Journal of Integrated Engineering Vol. 16 No. 1 (2024) p. 361-377

(a) (b)
Fig. 1 (a) OPS; and (b) Polypropylene fibre

The mix design of 30 MPa concrete refers to SNI 03-2834-2000 [45]. There were variations by replacing some
gravel with OPS with percentages of 0%, 25%, 50%, and 75%, and there was an added material in the form of
polypropylene fibre of 0.2% and superplasticizer (SP) of 0.25%. The mix design in the study used a water content
0f 0.48. The mix design is shown in Table 1. The specimen used in this study consisted of a cylinder with a diameter
of 750 mm and a height of 150 mm for the compressive strength test and a beam specimen for the flexural strength
test. The 24 concrete beam specimens are 100 mm x 100 mm x 500 mm, with three beams at each % of OPS. The
beam dimensions are shown in Fig. 2.

Table 1 Mix design in kg/m3

Mixture  OPS (%) Water Cement Gravel Sand OPS Fibre SP
ID (L/m3) (kg/m3)  (kg/m3  (kg/m3)  (kg/m3)  (kg/md) (kg/m3)
C 0 204.9 426.86 944.85 698.37 0,00 0.0273 1.065
OPS25 25 204.9 426.86 708.64 698.37 236.21 0.0273 1.065
OPS50 50 204.9 426.86 472,42 698.37 472.86 0.0273 1.065
OPS75 75 204.9 426.86 236.21 698.37 708.64 0.0273 1.065
500 — 10—

_________________ ®/_—212

500 —50——50—

{mm)

Fig. 2 Dimensions of beam specimen (in mm)

In this study, wet burlap sack curing was the 28-day curing method. Two are pre-corrosion specimens
(accelerated steel reinforcement before concrete casting) and post-corrosion specimens (accelerated steel
reinforcement after concrete casting). The slump value obtained is the same for each specimen variation. For pre-
and post-corrosion specimens, the slump value was measured at around 100-125 mm. The corrosion process uses
the acceleration corrosion technique with the impressed current technique using a DC power supply based on
ASTM G1-03 [46] and ASTM G31-72 [47], as shown in Fig. 3(a). The positive pole is connected with the
reinforcement in concrete as the anode. In contrast, the negative pole, the external reinforcement, is the cathode.
The boxes containing 5% NaCl solution immerse the concrete specimen. It can be calculated using Faraday's Law
[48]. The concrete beam specimen has been corroded for 7% of the corrosion level (mass loss). Non-destructive
testing (NDT) methods are carried out at 28 days of concrete age. NDT testing is carried out before and after
corrosion of steel reinforcement, i.e., resistivity and impact-echo techniques, as shown in Fig. 3(b) and Fig. 3(c).
After a 28-day curing process and NDT, flexural strength testing was carried out using a Universal Testing Machine
(UTM) with the Hung Ta brand. The flexural strength testing can be seen in Fig. 3(d).

Penerbit
UTHM



Int. Journal of Integrated Engineering Vol. 16 No. 1 (2024) p. 361-377 364 ‘

(@) (b) (] (d)
Fig. 3 Testing of beam specimen: (a) Accelerated corrosion; (b) Resistivity; (c) Impact-Echo; and (d) Flexural
strength

Fig. 4(a) gives details of the division of the side, which is the area tested from the resistivity technique, used
the division of sides into three parts intending to get the best and even results so that they are evenly obtained
from the three sides. On the other hand, Fig. 4(b) gives details of the placement of the hit point and the placement
of 2 sensors of Impact Echo (IE) as wave receivers. Placement is used as in the picture above to maximize the
results obtained through good wave data.

50.00

g Left side Middle side Right-side
(a)
50.00

5,00 15.00 1000
J b b
T Sensor 1 Sensor 2
Impact Point

(b)

Fig. 4 Test schematic of beam specimen: (a) Resistivity testing; and (b) Impact-echo testing

3. Results and Discussion
3.1 Testing of Materials

There are several tests on aggregates, namely testing specific gravity and water absorption, fill weight, moisture
content, and sludge content, for coarse aggregate and OPS, and fine grain modulus (MHB) testing, specific gravity,
water absorption, fill weight, moisture content, and sludge content, for fine aggregate. The test results can be seen
in Table 2. Gradation testing on the fine aggregate (sand) was carried out based on SNI ASTM C136:2012 [49]. The
sand used in this test obtained an MHB value of 2.38 and entered the gradation of area 2. The area was a bit of
coarse sand. From the test results, the MHB (Fine Modulus of grains) value has met the criteria in the range of 1.5
to 3.8. In making concrete, it is necessary to test the workability to determine the viscosity of the concrete mixture
with the condition that the slump is between 75 - 150 mm.

Table 2 Test results of coarse aggregates, OPS, and fine aggregate

Types of Testing Gravel OPS Sand Unit

Specific Gravity 2.68 1.20 2,27 -

MHB - - 2,38 -

Water Absorption 1 16.25 2,57 %
Fill Weight 1.49 0.64 1.52  gram/cm?

Air Up 0.83 3.36 2 %

Mud Rate 1 1 2 %

Wear 29 5.5 - %

3.2 Density

Penerbit
UTHM



365 Int. Journal of Integrated Engineering Vol. 16 No. 1 (2024) p. 361-377

Density is a derivative quantity because it includes units of mass (kg) and volume (m3). This density test is carried
out to determine the density level of concrete every 1 m3. The way to test the density of concrete is to compare
the mass of concrete (kg) with the volume of the specimen (m3). The cylinder specimen used is cylindrical with a
diameter and height of 75 mm and 150 mm, so the specimen volume value is 0.000663 m3. The density of cylinder
specimens is 2336.47 kg/m3,2208.21 kg/m3, 2120.18 kg/m3, and 1954.19 kg/m3, for C, OPS25, OPS50, and OPS75,
respectively. For the beam specimen, the specimen used is a beam with a specimen volume value of 0.005 m3.
Table 3 is the density chart of the pre-and post-corrosion specimens. Every % OPS has three beam specimens.

Table 3 Average density value of the specimens

Mixture ID  Pre-corrosion (kg/m3) Post-corrosion (kg/m3)
C 2417 2337

OPS25 2250 2240

OPS50 2117 2097

OPS75 1930 1963

Table 3 shows that the density of pre-corrosion concrete decreases with the increase of OPS content. The
average density value of the specimens is 2417 kg/m3, 2250 kg/m3, 2117 kg/m3, and 1930 kg/m3 for C, OPS25,
0PS50, and OPS75, respectively. On the other hand, post-corrosion specimens have density values of 2337 kg/m3,
2240 kg/m3, 2097 kg/m3, and 1963 kg/m3 for C, OPS25, OPS50, and OPS75, respectively. The density results show
that the higher the content of OPS, the lower the density value of the concrete specimen. This happens because
the alternation of coarse aggregates with OPS leads to a decrease in the weight of concrete. According to Shafigh
et al. [50] in their research, the density of OPS concrete is approximately 20 to 25% lower than normal concrete.

3.3 Compressive Strength

Table 4 shows the compressive strength values for each cylinder specimen. For the control specimen, the strength
did not achieve the design strength of 30 MPa. The polypropylene fibre makes bonding strength between the fibre
and the concrete matrix poor due to the smooth surface of the fibre. The compressive strength value decreased in
terms of an increase of % OPS. The decrease was 33.2%, 36.69%, and 54.75% compared to the 0%-cylinder
specimen. This is due to the high-water absorption due to the increasing percentage of OPS. Still, the percentage
of SP used cannot support and maintain the proportion of water so that the material is not mixed evenly, and the
bond between materials is reduced. According to Azunna [17], the decrease in the compressive strength of
concrete is due to the lack of bonds between concrete particles. This is because particle bonding largely depends
on the surface texture, whereas the cement paste bond is more adequate with rough surfaces.

Table 4 Average compressive test of the specimen

Mixture ID Compressive Strength (MPa)

C 15.63
0PS25 14.78
0PS50 10.32
0PS75 9.78

3.4 Load-Deflection

Fig. 5(a) is a load-deflection graph of all pre-corrosion specimens. From the load-deflection value that has been
obtained, it can be concluded that the greater the percentage of OPS, the load-deflection value on the concrete
decreases. This happens because the stiffness of the concrete influence’s concrete deflection; the higher the
rigidity of concrete, the higher the deflection value obtained.
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Fig. 5 Load and deflection of: (a) Pre-corrosion specimens; and (b) Post-corrosion specimens

Ductility in specimens can be calculated by comparing the value between ultimate deflection and deflection
when melting, as shown in Table 5. Table 5 shows that with the increase in the percentage of OPS on concrete, the
ductility value of concrete decreases, although it does not show a significant reduction. This is because the ductility
value is influenced by steel reinforcement and the addition of fibres. According to Orouji et al. [51], large ductility
causes the energy absorbed to be greater so that the deflection becomes greater due to the influence of the amount
of fibre composition mixed in concrete. However, OPS25 specimens with 25% OPS have a higher ductility value of
1.359 than others. This happens because the OPS25 specimen is more ductile than other specimens. The high
ductility could be caused by OPS25 specimens having a corrosion influence on different reinforcements and the
influence of mask fibres. According to Naderpour et al. [52], corrosion reduces the load that can be carried by
beam specimens by decreasing the ability of beam specimens to withstand loads, resulting in a reduction in area
or cross-section, which affects the performance of reinforcement in carrying the resulting load, including affecting
ductility. The specimen's stiffness can be calculated by dividing the modulus of elasticity by the unit voltage
received by the change in the shape of the unit, as shown in Table 5. Table 5 shows that with the increase in the
percentage of OPS on concrete specimens, the rigidity value of concrete specimens decreases. This happens
because OPS used as an aggregate substitute has a lower hardness than gravel. According to Shafigh et al. [53]
stated that the stiffness value is influenced by the aggregate hardness used. Of all specimens, the highest average
stiffness value of 9.697 kN/mm occurred in concrete specimens with C specimens. The lowest average stiffness
value was 4.857 kN/mm in OPS75 concrete specimens.

Table 5 Average ductility and stiffness of pre-corrosion specimen

Mixture ID Ductility Stiffness

C 1.198 9.697
OPS25 1.359 8.973
OPS50 1.123 6.743
OPS75 1.108 4.857

On the other hand, Fig. 5(b) shows a graph of the load-deflection relationship of OPS post-corrosion
specimens. Based on the results below, the highest deflection value was obtained by a 75%A specimen of 12.53
mm with an ultimate load of 527.08 Kgf. A 0%A specimen of 4.064 mm obtained the lowest deflection value with
a maximum load of 1981.1 Kgf. From this result, it can be concluded that the higher the percentage of OPS mixture,
the deflection value in concrete tends to decrease. Ductility is the ability of materials in concrete to develop their
stretch from the first time it melts until it finally breaks. Ductility can be calculated using the ratio between
deflection when ultimate and deflection when melting. Table 6 shows the ductility value of the OPS concrete test
specimen at a corrosion level of 7%.

Table 6 Average ductility and stiffness of post-corrosion specimen

Mixture ID  Ductility Stiffness

C 1.198 9.697
OPS25 1.149 7.427
OPS50 1.311 7.350
OPS75 2.983 4.967
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Table 6 shows that, in general, the increase in the percentage of OPS causes an increase in the ductility value
in concrete, and in OPS75 specimens, there is a high ductility value. This is because adding mask fibres to the
concrete mix has an effect that causes large deflections [51]. According to research conducted by Hosen et al. [54]
and Cui et al. [55], adding OPS and mask fibres to concrete can increase the energy absorption ability of the mixed
matrix, which means the ductility value has increased. Stiffness is the quotient between the load and deflection
from the flexural strength test results. The stiffness values, as shown in Table 6, show that with an increasing
percentage of OPS on concrete, the stiffness values in concrete decrease. The specimen with the highest average
stiffness value of 9.697 KN/mm in concrete with a combination of 0% OPS, while the specimen with the lowest
stiffness value has an average stiffness value 0f 4.967 kN/mm in concrete with a mixture of 75% OPS. The stiffness
value is controlled by the aggregate hardness used [53].

3.5 Flexural Strength

Specimens completed with corrosion processes, both pre-corrosion and post-corrosion specimens, will then be
tested for flexural strength using a Universal Testing Machine (UTM), as shown in Fig. 6. The specimen was carried
out using one loading point in the middle of the beam span with a distance between the pedestal and the edge of
the beam of 5 cm. This test was carried out to determine the effect of the difference in the percentage of OPS on
corroded fibre concrete. Fig. 6(a) and Fig. 6(b) show that as the mixture of OPS increases in concrete, the value of
the flexural strength of concrete decreases. For the pre-corrosion specimen, the highest average flexural strength
value is in concrete with a 0% OPS mixture of 2.74 MPa, while the lowest average flexural strength value is in
concrete with a 75% OPS mixture of 1.27 MPa. For the post-corrosion specimen, the highest average flexural
strength value is in concrete with a 0% OPS mixture of 1.98 MPa, while the lowest average flexural strength value
is in concrete with a 75% OPS mixture of 0.60 MPa. This is because one thing that affects the strength of concrete
is the aggregate quality. In this study, the aggregate is replaced with OPS, so adding OPS will decrease the strength
of concrete. Study conducted by Kareem et al. [56] also showed that adding OPS will reduce the strength of
concrete. In addition, when compared with pre-corrosion specimens, the post-corrosion specimens are inferior in
flexural strength. This is because the acceleration of the corrosion process of reinforced concrete structures has
repercussions regarding serviceability.

3,50 + 3,50

3,00 2,74 3,00
g 2.50 22 £250
E 5 E, > 1,98
= =
2,00 B 200
£ 13 127 E
# 1,50 @ 1,50
é 1,00 5 1,00
@ 1 = 1
= =

0,50 0,50

0,00 0,00

0% 25% 50% 75% 0% 25% 50% 75%
%OPS %OPS

@) (b)

Fig. 6 Flexural strength of: (a) Pre-corrosion specimen; and (b) Post-corrosion specimen

3.6 Failure Type
3.6.1 Pre-corrosion Specimen

In addition to the value of flexural strength, the failure of the specimen is checked based on the location of the
cracks due to the test. The crack's direction and the crack's location in the beam are used to classify the type of
failure. Fig. 7 to Fig. 10 show the collapse pattern on the almost concrete specimen is a type of diagonal tensile
crack because there is a fine crack in the centre of the span caused by flexural, followed by a diagonal crack
extending from the area around the pedestal to the centre of the span.

(b)
Fig. 7 Failure type of pre-corrosion specimen with 0%0PS
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(a) (b)

Fig. 8 Failure type of pre-corrosion specimen with 25%0PS

(a) (b)

Fig. 9 Failure type of pre-corrosion specimen with 50%0PS

(@) (b) (@
Fig. 10 Failure type of pre-corrosion specimen with 75%0PS

3.6.2 Post-corrosion Specimen

Fig. 11 to Fig. 14 show concrete specimen failure during flexural strength testing of OPS fibre-concrete that is
corroded. In beam (b), a diagonal tensile collapse occurs because of a small crack in the centre of the span caused
by bending, followed by a diagonal crack extending from the pedestal area to the centre of the span. Meanwhile,
due to perpendicular cracks in the centre of the beam, beams (a) and (c) experience a pattern of bending collapse.
Fig. 12 shows concrete beams collapsing during flexural strength testing due to a mixture of 25% OPS. Beams (a),
(b), and (c) experience the same collapse, namely bending failure, due to perpendicular cracks in the centre of the
beam. Fig. 13 shows a concrete specimen collapsing during flexural strength testing due to a mixture of 50% OPS.
Beams (a), (b), and (c) experience the same collapse, namely bending failure, due to perpendicular cracks in the
centre of the beam. Fig. 14 shows a concrete specimen collapsing during flexural strength testing due to a mixture
of 75% OPS. In beam (a), there is a bending collapse due to perpendicular cracks in the center of the beam. In
beam (b), there is a diagonal tensile collapse because of a small crack in the middle of the span caused by bending,
followed by a diagonal crack extending from the fulcrum area to the center of the span. Meanwhile, due to the
crack tilted towards the middle of the span and the location of the crack in the middle of the span due to pressure
from the pedestal that occurs on the beam (c), it experiences a pattern of sliding compressive collapse.

@) (b) ' ©

(@) (b) (9

(a) ' (b) (©
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Fig. 13 Failure type of post-corrosion specimen with 50%0PS

P
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B . SR

(@) (b) (©
Fig. 14 Failure type of post-corrosion specimen with 75%0PS

3.7 NDT Method
3.7.1 Resistivity

Resistivity testing is an NDT method to determine the corrosion level contained in the specimen, i.e., pre-corrosion
and post-corrosion specimens. Resistivity testing is done by determining 3 test points on the specimen to get even
more accurate results. Therefore, 3 points are determined, namely at the right end, the middle, and the left end of
the specimen, by repeating the test 3 times to get accurate results. The results are then summarized in a picture
as a bar chart showing the difference of each variation of the OPS of 0%, 25%, 50%, and 75%. These results can
be seen in Fig. 15 and Fig. 16. Fig. 15 shows the resistivity of the pre-corrosion specimen. The resistivity value of
10-50 kQ/cm indicates a moderate risk of exposure to corrosion risk. In addition, with the increased percentage
of OPS on concrete, the resistivity value obtained is lower. This states that the higher the percentage of OPS used,
the smaller the resistance because concrete is not as homogeneous as concrete with gravel alone. This is due to
the vast percentage of water absorption of OPS, which will later cause the concrete to lack water so that it will not
be completely homogeneous and become more porous due to many pores [57].

Fig. 16 shows the resistivity of post-corrosion specimens before and after corrosion. The figure shows that
with the increase in the percentage of OPS on concrete, the resistivity value obtained is also higher. This indicates
that the greater the percentage of OPS used, the smaller the corrosion level in concrete. This is different from the
resistivity of the pre-corrosion specimen. However, the resistivity value is still in the same risk range of 10-50
kQ/cm, which indicates a moderate risk of exposure to corrosion risk. The figure shows that as the mixture of OPS
increases in concrete, the resistivity value is also higher. This explains that the percentage of OPS, regardless of
the proportion, is insignificant, causing a higher risk of corrosion in this specimen. In addition, the resistivity of all
specimens is close to the value of <10 kQ}/cm, which indicates a high risk due to corrosion [58], [59]. Fig. 16 (c)
shows the average value of resistivity test results on post-corrosion specimens before and after corrosion. From
the figure, it was found that after corrosion was carried out, the resistivity value obtained was reduced compared
to the specimen before corrosion. This indicates that corrosion significantly affects the resistivity value of the
specimen. It is explained that the specimen after corrosion is included in the moderate group of corrosion risks
range of 10-50 kQ)/cm.
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Fig. 15 Resistivity of pre-corrosion specimen
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Fig. 16 Resistivity of Post-corrosion specimen: (a) before corrosion; (b) after corrosion; and (c) comparison

Based on the relationship between resistivity and density, in pre-corrosion specimens, the more significant
the density value, the greater the resistivity value, but in post-corrosion specimens, different results are obtained,
namely, the greater the density value, the smaller the resistivity value. This is strengthened by the research of
Golewsky [60] which states that corrosion is the cause of decreasing density in concrete because it causes a
reduction in the area of the paired reinforcement, causing the creation of cavities that will have an impact on the
strength of the concrete. These results can be seen in Fig. 17 and Fig.18.

Fig. 19 shows the relationship between resistivity and flexural strength of pre-corrosion specimens. It is
explained that in the pre-corrosion specimen (Fig. 19(a)), the resistivity value and the flexural strength value
decrease with the increase in the percentage of OPS. However, in the post-corrosion specimen, different results
were obtained, namely, the value of flexural strength decreases with the increase in the resistivity value. The
resistivity value is still not much different and is in the same corrosion risk range of 10-50 k{/cm, indicating a
moderate risk of exposure to corrosion risk [58].
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3.7.2 Impact Echo Testing

Impact-echo testing is a test that utilizes the principle of waves that can propagate through solid objects and can
be reflected. From this principle, testing is carried out in the form of wave utilization to determine the concrete
condition without the need to damage the physical shape of the concrete and affect its compressive strength. This
test uses two sensors to capture the waves of a blow at a predetermined point. The results are in the form of
various frequencies that produce the peak of an amplitude with a specific value that is a deviation from the value
of another amplitude. Impact Echo testing in this study was carried out as many as three repetitions on each
specimen to get better and more accurate results. Fig. 20 is the graph of impact echo results of the pre-corrosion
specimen.
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Fig. 20 Impact echo results of the pre-corrosion specimen: (a) 0% OPS; (b) 25% OPS; (c) 50% OPS; and (d) 75%

OPS

Fig. 21 is a pre-corrosion specimen where the frequency value of impact-echo decreases with an increasing
percentage of OPS. This is because the higher the percentage of OPS, the smaller cavities or gaps are formed that
can affect the propagation of waves delivered in the impact-echo test [61]. In Fig. 21, the graph has a correlation
coefficient 0.4051 between -1 and 1. If the value is close to -1 or 1, then the correlation between the variables
studied is strong, and if the value is close to 0, it means a weak correlation. So, it was concluded that the percentage
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of OPS and the frequency of impact echoes correlated but were relatively weak (close to 0) in the pre-corrosion
specimen.
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Fig. 21 Impact echo frequency of pre-corrosion specimen

Fig. 22 is the graph of impact echo results of the post-corrosion specimen. Fig. 23 of the post-corrosion
specimen, the impact echo frequency value decreases with increasing percentage of the OPS, except in special
post-corrosion OPS of 75%. This is because the higher the percentage of OPS, the smaller cavities or gaps are
formed that can affect the propagation of waves delivered in the impact-echo test [61]. The graph has a correlation
coefficient of 0.0108 and 0.2263, between -1 and 1. If the value is close to -1 or 1, then the correlation between the
variables studied is strong, and if the value is close to 0, it means a weak correlation. So, it was concluded that the
percentage of OPS and the frequency impact-echo correlated but were relatively weak in post-corrosion
specimens.
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Fig. 22 Impact echo results of the post-corrosion specimen: (a) 0% OPS before; (b) % OPS after; (c) 25% OPS
before; (d) 25% OPS after; (e) 50% OPS before; (f) 50% OPS after; (g) 75% OPS before; and (h) 75% OPS after
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Fig. 24 shows impact-echo testing on post-corrosion specimens before and after corrosion. It can be seen in
the picture below that after concrete undergoes acceleration corrosion, the value of the impact echo is higher than
before the acceleration corrosion. This explains that corrosion increases the impact-echo frequency because, after
the corrosion process, it causes the formation of cavities in concrete. This is reinforced by the research of
Farhangdoust and Mehrabi [61] which states that corrosion can cause concrete to become hollow.
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Fig. 24 Comparison impact echo frequency of post-corrosion specimen before corrosion and after corrosion

3.7.3 Comparison of Resistivity and Impact Echo Values

After resistivity and impact-echo testing on pre-corrosion and post-corrosion specimens, a comparison was made
between the results of the two methods. In Fig. 25 on the pre-corrosion specimen, the relationship between
impact-echo and resistivity is directly proportional. It can be seen in the figure below that the greater the
percentage of OPS in concrete, the resistivity value and impact-echo frequency decrease, except for the specimen
of 75% OPS. This explains that the large percentage of OPS will affect the resistivity and impact echo values
because more cavities or pores occur, as described in the previous section.
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In Fig. 26, the relationship between impact-echo and resistivity is inversely proportional to post-corrosion

specimens before and after corrosion. It can be seen in the figure below that the greater the percentage of OPS in
concrete, the resistivity value tends to increase, but the impact-echo frequency tends to decrease except for the
specimen of 75% OPS. This explains that the large percentage of OPS does not decrease the resistivity value, which
should reduce resistivity due to increasing OPS and corrosion. However, it affects the value of impact-echo because
more and more cavities or pores occur, as described in the previous section.
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Fig. 26 Comparison of resistivity and impact echo of the post-corrosion specimen: (a) before corrosion; and (b)
after corrosion

4. Conclusions

Based on the research results on concrete pre-corrosion and post-corrosion specimens with OPS and mask fibres,
it can be concluded as follows:

The results of resistivity testing on pre-corrosion specimens of OPS concrete and mask fibre showed that the
greater the percentage of OPS, the lower the resistivity value. Meanwhile, in the post-corrosion specimen, the
result is that the greater the percentage of OPS, the greater the resistivity value. This can be caused by the
influence of OPS and the influence of corrosion on the specimen.

The difference in resistivity of pre-corrosion and post-corrosion specimens: In pre-corrosion specimens, the
resistivity value decreases with the increase in the percentage of OPS in concrete, while in post-corrosion
specimens, the resistivity value increases with the increase in the percentage of OPS in concrete.

The results of the impact-echo test on pre-corrosion and post-corrosion specimens of OPS and mask fibres
show that a higher percentage of OPS makes the bending strength weaker because there are many cavities or
pores in the concrete which will affect the bending strength of concrete.

The difference between impact-echo pre-corrosion and post-corrosion specimens is that in pre-corrosion
specimens, the value obtained ranges from 4000-8000 kHz, while in post-corrosion specimens, the value
obtained ranges from 2000-12000 kHz.

The effect of the relationship between density and bending strength with resistivity and impact-echo testing.
The density of concrete decreases with the increase in OPS, causing the creation of cavities that will impact
the strength of concrete, namely flexural strength.

The relationship between resistivity and impact-echo testing on OPS concrete and corrosion mask fibres for
pre-corrosion specimens is directly proportional, that the greater the percentage of OPS in concrete, the
resistivity value and frequency of impact-echo decrease except for 75% OPS specimens. As for post-corrosion
specimens, the relationship between impact-echo and resistivity is inversely proportional. The greater the
percentage of OPS in concrete, the greater the resistivity value, but the frequency of impact-echo tends to
decrease except for specimens with 75% OPS.
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