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ABSTRACT

Concrete is one of the most important elements in building construction. However, concrete used in construction
is susceptible to damage due to corrosion. The influence of corrosive substances causes changes in the reinforcing
steel and affects the strength of the structure. The repair method is one approach to overcome this problem. This
research aims to determine the effect of grouting and jacketing repairs on corroded concrete. The concrete used
has dimensions of 15 cm × 15 cm × 60 cm with planned corrosion variations of 50%, 60%, and 70%. The test
objects were tested using the Non-Destructive Testing (NDT) method using Ultrasonic Pulse Velocity (UPV).
The test results show that the average speed of normal concrete is 5070 m/s, while the lowest average speed is
3070 m/s on the 70% planned corrosion test object. The test object was then given a load of 1600 kgf. At this
stage, there is a decrease in speed and wave shape with the lowest average speed obtained at 2753 m/s. The repair
method is an effort to restore concrete performance by using grouting and jacketing. Grouting is done by injecting
mortar material into it. Jacketing involves adding thickness to the existing concrete layer with additional layers of
concrete. After improvements were made, there was an improvement in the UPV test, with a peak speed value of
4910 m/s. Repairing concrete by filling cracks can improve concrete continuity and reduce waveform distortion,
thereby increasing wave propagation speed.
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1 Introduction

Development in the construction is inseparable from the use of concrete [1,2]. Concrete is the most
widely used construction material and is considered the most essential element because it has many
advantages, such as being easily shaped, durable, and readily available [3,4]. However, these materials
degrade over time, one of which is through corrosion of the reinforcement [2,5–7]. Corrosion in
reinforced concrete (RC) is caused by the interaction between the alkaline properties of reinforcing steel
and an acidic environment, resulting in corrosion of the reinforcement [8]. Reinforcement that is alkaline
with a pH of ± 12.5 interacts with an environment that has a high acid content, causing a decrease in the
pH of the concrete and corrosion [9–11]. The influence of corrosive substances will affect the weight and
diameter of the reinforcement, thus reducing the performance of RC components and diminishing the
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building’s service life [12–14]. If repairs are not carried out, corrosion will develop rapidly, causing damage
to the concrete covering layer and exposing steel parts to direct attack by environmental conditions [15].

Knowledge of structural strengthening technology, including repairs, is required to overcome the
reduction in the service life of concrete due to structural damage [16,17]. Repair is to restore the strength
of a structure that has experienced a decline so that it returns to its original state [18,19]. Concrete
strengthening techniques are increasingly developing in terms of materials and strengthening methods,
including jacketing and grouting techniques. Jacketing is a method of coating the surface of the concrete
by removing the damaged part, and then the concrete is recast using high-quality concrete as a coating
and plaster [19]. The concept of this method is to add reinforcement and enlarge the dimensions of
reinforcement in RC [20]. Grouting is an effort to repair damaged concrete surfaces so that they can
return to their original condition using grout materials that are cement and water, with or without the
addition of aggregate [21].

Evaluation is very important to monitor the performance of repair products in an effort to cover
concrete damage [22,23]. One method that can be used is the NDT (Non-Destructive Testing) method,
one of which is UPV (Ultrasonic Pulse Velocity) [24]. The use of NDT techniques has many advantages
in that it can monitor conditions without causing additional damage, is cost efficient and speedy in
providing results [25–27]. UPV is an NDT technique used to identify cracks and can be used to
investigate changes caused by repair ability [22–24]. Previous studies have shown that self-healing during
freeze/thaw cycles can be monitored by UPV with parameters correlated to the level and stage of damage
[28,29]. This test can evaluate the effectiveness of crack treatment as well as indicate changes in
structural properties during the healing evolution [30,31].

In previous research, the use of UPV technique was limited to concrete defect or deterioration detection.
However, further analysis or monitoring of the effectiveness of repair methods, such as grouting or jacketing,
has not been the main focus of the other research. In other words, although UPV is used to detect defects, it
has not been widely used to monitor or evaluate the repair process itself. In this study, UPVwas used not only
to detect defects but also to monitor the repair process and evaluate the overall effectiveness of the repair
method. Thus, UPV becomes a more holistic tool in supporting the analysis and monitoring of the
condition of reinforced concrete structures.

2 Materials and Methods

In this section, we will explain in detail the materials used in the research, as well as the experimental
procedures applied to collect the necessary data and information. This will include a description of the type of
concrete used, other material specifications, and the steps taken in the tests and analyzes performed.

2.1 Materials
The materials used are the main components of concrete, such as coarse aggregate, fine aggregate,

cement, and water, as seen in Fig. 1. The fine aggregate is sourced from Progo River, Yogyakarta, with a
size range of 4.75 to 0.0075 mm (Fig. 1a). The coarse aggregate used comes from Clereng, Kulon Progo,
Yogyakarta with a maximum size of 19 mm (Fig. 1b). The cement used is Type I Portland Cement. In
grouting and jacketing work, an additional binding material, Sika Sikacim Bonding Adhesive, is used
(Fig. 1c). The aggregates are tested to determine their specifications. The tests conducted include
gradation, fineness modulus, material finer than the No. 200 sieve, specific gravity, water absorption, bulk
density, moisture content, and abrasion. These tests are conducted based on SNI 03-4142-1996 [32].
After obtaining the test result data, it can be used to analyze the mix requirements for the test specimen
using ACI 211.1-91 [33]. After obtaining the test result data, it can be used to analyze the mix
requirements for the test specimen using ACI 211.1-91 with a compressive strength (fc’) of 30 MPa.
Table 1 shows the material requirements for each specimen.
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The table above displays specimens with names indicating the type of concrete repair and design
corrosion percentage. Specimens with the code “GRT” indicate concrete using the grouting technique,
while “JKT” uses the jacketing method. Numbers 1–3 represent the percentage of corrosion rate as “1” is
50%, “2” is 60% and “3” is 70%. In this study, 15 cm × 15 cm × 60 cm beams are used as the test
specimens with a reinforcement configuration as in Fig. 2. These dimensions were chosen because they
are close to the dimensions of simple house columns commonly used in residential building construction.
On the other hand, selecting this size also considers the ease of the beam manufacturing and testing
process, as well as compatibility with available laboratory equipment. The curing period is 28 days,
achieved by immersing the samples in a curing tank. There will be a total of 7 samples for three
variations of corrosion levels. The test specimens will be divided into pre-corrosion and post-corrosion
specimens, and all specimens will be tested for flexural strength and non-destructive testing (NDT). The
slump value is 14 cm. The slump test is based on SNI 1972-2008. This testing is conducted to determine
the workability of the mix for each sample.

(a) (b) (c)

Figure 1: (a) Fine aggregate (b) Coarse aggregate, and (c) Bonding adhesive

Table 1: Material proportion for the beam

Specimen Corrosion level
(%)

Concrete strength
(MPa)

Cement
(kg)

Water
(liter)

Fine aggregate
(kg)

Coarse aggregate
(kg)

Normal 0 30 7.85 3.04 12.91 16.74

GRT-1 50 30 7.85 3.04 12.91 16.74

GRT-2 60 30 7.85 3.04 12.91 16.74

GRT-3 70 30 7.85 3.04 12.91 16.74

JKT-1 50 30 7.85 3.04 12.91 16.74

JKT-2 60 30 7.85 3.04 12.91 16.74

JKT-3 70 30 7.85 3.04 12.91 16.74

Figure 2: Configuration of reinforcing bar spacing
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2.2 Corrosion Process
The 28-day-old concrete specimens underwent a curing process and then a corrosion process. The

corrosion process in concrete requires a very long time, so corrosion acceleration techniques are carried
out using impressed current techniques [34]. The galvanostatic method is used based on ASTM G1-
03 [35] and ASTM G31-72 [36], with the equipment used in the form of a DC power supply [37], as
shown in Fig. 3. The cable is connected to the concrete inner reinforcement (anode) and the concrete
outer reinforcement (cathode) to the same DC Power Supply. The cables attached to the reinforcement in
the concrete are connected to the positive terminal of the DC Power Supply. Instead, the cable attached to
the sacrificial reinforcement is connected to the negative terminal of the DC Power Supply. The specimen
that has been connected to the DC Power Supply is then immersed in a tank of 5% NaCl solution. This is
done for a certain duration calculated based on Faraday’s Law, adjusted to achieve the planned corrosion
levels of 50%, 60%, and 70%. This corrosion percentage is assumed to obtain the results of cracking due
to corrosion in concrete. Thus, the corrosion rate selected reflects the real conditions that a concrete
structure may experience in a particular environment over a period of time. Corrosion acceleration was
carried out in this test by reviewing the percentage of mass loss of the specimen in the form of steel
reinforcement after corrosion and before corrosion. The accelerated corrosion scheme is shown in Fig. 3.

2.3 Flexural Strength Testing
Flexural testing consists of two stages: first, testing is carried out on normal concrete to obtain initial

flexural strength values; secondly, tests are carried out after the concrete repair process to compare the
effect of the repair. Fig. 4 clearly illustrates the flexural strength testing process, including the position of
the loading point and the cracks that occur during the test. Flexural strength tests are carried out based on
SNI 4431:2011 [38]. This test method uses two loading points placed between the beam spans. The load
was increased gradually using a universal testing machine until the beam experienced cracks on its
surface. An example of the difference in the crack pattern in the structure before and after the repair is
shown in Fig. 5.

The loading process before strengthening is carried out by weighing the concrete until the surface
experiences cracks. The loading method used to control cracks is carried out by applying the load
gradually. The load increases slowly until the first cracks appear on the concrete surface. This approach is

Figure 3: Corrosion acceleration test scheme on structural materials
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used to control crack development better and ensure that loading is applied consistently to produce the
desired crack condition before repair steps.

2.4 Ultrasonic Pulse Velocity (UPV)
The UPV test is a way to estimate concrete hardness based on the relationship between wave velocity

through the concrete medium [39,40]. The UPVmethod measures the travel time of ultrasonic waves through
a specimen, which is influenced by material condition, integrity, and potential defects such as corrosion [41].
The electrical signals are converted into mechanical vibrations (transmission mode), and these mechanical
vibrations are then transformed back into electrical signals by the transducer [42]. UPV testing is carried
out in 4 stages, i.e., in normal conditions, after accelerated corrosion, after loading, and after repair. Fig. 6
provides details of the side section of the UPV test.

In its implementation, UPV testing is carried out in 3 methods.

2.4.1 Direct Method
Direct transmission is a configuration in which the transmitter and receiver transducers are placed

simultaneously on opposing surfaces of the concrete [43], as shown in Fig. 7.

(a) Crack after loading (b) Crack after repair

Figure 5: Differences in cracks before and after repair

Figure 4: Flexural strength testing
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2.4.2 Semi-Direct Method
The semi-direct testing method is performed on each specimen by placing the transmitter on the side and

top of the specimen, as shown in Fig. 8.

2.4.3 Indirect Method
The indirect method of the three testing methods available, the indirect method is known to provide less

reliable results because the received signal amplitude can decrease by up to 3% [44] and is only used if the
specimen’s surface is accessible [45], especially when it is crucial to determine the depth of cracks or the
presence of multiple layers in the same element [43], the indirect method is shown in Fig. 9.

2.5 Grouting
Refer to the concrete repair process of filling voids within the concrete structure with grout material, as

shown in Fig. 10. This approach can be implemented by utilizing either Portland cement grout or opting for
chemical grouting [46]. Grouting using Portland cement has proven to be highly effective in addressing wide
cracks, especially in structures like dams and thick concrete walls [18,47]. The crack is cleaned and flushed
before the entire area is filled with grouting. The composition of putty can be in the form of a paste consisting
of only cement and water or as mortar involving a mixture of cement, sand, and water, depending on the

Figure 6: Illustration of side division in the UPV test

(a) (b) (c) (d)

Figure 7: Direct method (a) Placement 1, (b) Placement 2, (c) Placement 3, (d) Placement 4

(a) (b) (c)

Figure 8: Semi-direct method (a) Placement 1, (b) Placement 2, (c) Placement 3

270 SDHM, 2025, vol.19, no.2



width of the cracks in that structural part, as shown in Table 2. Meanwhile, the water-to-cement ratio should
be kept as low as possible to achieve high strength with minimal shrinkage [48].

2.6 Jacketing
The jacketing of reinforced concrete (RC) has become a common solution for strengthening and

repairing RC columns that are deficient or damaged, as shown in Fig. 11. It illustrates the jacketing
method. In the reinforcement of RC, the column section is strengthened by adding a new layer of
concrete or reinforced mortar along part or the entire length through the casting process. Additionally, the
success of RC jacketing depends on achieving a better bond between the damaged column and the
additional jacket. This can be achieved by providing a rough texture on the surface using a hammer and
chisel [43].

(a) (b)

Figure 9: Indirect method (a) Placement 1, (b) Placement 2

Figure 10: Scheme for implementing the grouting method

Table 2: Mix design mortar repair

Specimen Cement (kg) Sand (kg) Water (liter)

GRT 1, 2, 3 3.580 8.984 1.432

JKT 1, 2, 3 0.030 0.076 0.012

Figure 11: Illustration before and after jacketing

SDHM, 2025, vol.19, no.2 271



3 Result and Discussion

In this section, the results of the research will be presented and discussed in detail. Data that has been
collected through various testing methods will be analyzed to identify significant relationships. The test
results will be compared with previous research to assess the contributions and innovations offered by
this study. This section aims to provide an in-depth understanding of the research findings and their
relevance in scientific and practical contexts.

3.1 Aggregate Specification
Selecting aggregate specifications is the most important thing before starting the study. In this section,

the results of the aggregate specifications used in this research will be presented. Various important physical
and mechanical characteristics will be described in the aggregate specifications. The results obtained from
aggregate testing will be explained in detail, including analysis of water content, sludge levels, and other
relevant parameters. This data is very important to understand so that the properties of the aggregate can
influence the mechanical properties and durability of the concrete produced. Table 3 shows the results of
tests carried out on coarse and fine aggregates.

3.2 Accelerated Corrosion
Actual corrosion calculations are carried out to understand the rate of corrosion that occurs in reinforced

concrete under experimental conditions. Table 4 shows the actual corrosion calculation results for each
specimen. There is a difference between the level of corrosion estimated by Faraday’s Law and the actual
level of corrosion. This occurs because there is resistance or resistance to the movement of ions from the
anode to the cathode. This obstacle is thought to originate from the concrete surface, which is in contact
with the Styrofoam so that the NaCl solution cannot wet the surface. The physical binding resistance of
chloride ions during the accelerated corrosion process greatly influences the process [49]. The difference
in mass loss between the actual mass and the calculated mass is due to the calculated mass based on
Faraday’s Law, which is assumed to be general corrosion, whereas in reality, there is some local
corrosion [50].

3.3 Flexural Strength
This test was carried out to determine the flexural strength value of concrete after repairs using grouting

and jacketing methods. In this test, a concentrated load system is applied at two loading points to simulate

Table 3: The results of fine and coarse aggregate testing

Test method Gravel Sand Unit

Specific gravity 2.72 2.59 –

Water absorption 1.5 4.4 %

Water content 0.83 2 %

Sludge levels 0.6 2.2 %

Content weight 1.49 1.52 %

Abrasion 21 – %

Fine modulus – 2.44 –

Gradation zone Zone 2
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realistic conditions in the repaired concrete structure. This method allows us to measure the extent to which
the repair can restore or even increase the flexural strength of the concrete. The flexural strength test results
obtained from this experiment can be seen in detail in Table 5.

With increasing corrosion percentage, there is a significant decrease in the flexural strength value of the
specimen. This shows that there is a negative correlation between the level of corrosion and the flexural
strength of the test object after repair. The higher the percentage of corrosion, the lower the flexural
strength obtained, indicating that corrosion has a detrimental impact on the structural integrity of the test
specimen [51]. Table 5 and Fig. 12 show the results of the flexural strength of the test specimen after
repair. In this context, the lowest flexural strength value, 3.20 MPa, was achieved at the highest corrosion
level, namely 30.73%. On the other hand, the highest value of flexural strength, namely 4.41 MPa, was
observed at a lower corrosion percentage, namely 20.27%.

Concrete using the Repair Jacketing method, which involves adding structural dimensions, effectively
increases the overall strength of the structure. This process results in a more thorough repair by adding an
additional layer of solidity [52]. Meanwhile, grouting methods tend to only fill gaps or cracks in the
concrete with additional materials. Although this process can provide improvements, it does not give the
significant increase in overall structural strength that the Jacketing method does. The comparison given in
Fig. 13 confirms that the Repair Jacketing method has advantages in increasing the flexural strength value
of the test object after repair compared to the grouting method. This indicates that the jacketing method is
more effective in repairing and strengthening damaged concrete structures.

Table 4: Actual corrosion calculations

Specimens Plan corrosion
level (%)

Reinforcement
weight (g)

Weight after
corrosion (g)

Actual mass
loss (g)

Actual corrosion
rate (%)

GRT-1 50 1500 1186 314 20.13

GRT-2 60 1500 1146 354 24.87

GRT-3 70 1500 1045 455 30.73

JKT-1 50 1500 1221 279 20.27

JKT-2 60 1500 1135 365 24.90

JKT-3 70 1500 1051 449 30.67

Table 5: Flexural strength test results of test specimens

Specimens Actual corrosion (%) Max force (kgf) Flexural strength (MPa)

Normal – 8672 3.61

GRT-1 20.13 7750 3.98

GRT-2 24.87 9150 3.76

GRT-3 30.73 9700 3.20

JKT-1 20.27 8745 4.41

JKT-2 24.90 10,250 4.20

JKT-3 30.67 10,750 3.60
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3.4 Ultrasonic Pulse Velocity
This test is carried out in four stages: pre-corrosion, post-corrosion, post-loading, and post-repair

concrete. For each stage, testing using the Ultrasonic Pulse Velocity (UPV) method is applied with three
approaches: direct, semi-direct, and indirect methods. Each technique is carried out at three test points on
each test object, namely at the right end, middle and left end of the test object, to ensure the data taken is
representative and accurate. The UPV test results on each test object are summarized in Table 6, which
shows the variability and comparison of results between the various test stages.

Figure 12: Comparison of flexural strength to corrosion level

Figure 13: Comparison of flexural strength of grouting and jacketing

Table 6: Flexural strength test results of test specimens

Specimens Ultrasonic pulse velocity Average velocity (m/s)

Method Velocity (m/s)

Normal Corrosion Crack Repair Normal Corrosion Crack Repair

GRT-1 Direct A 4828 4581 4413 4750 4777 4428 4260 4697

B 4753 4481 4354 4681
(Continued)
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Table 6 (continued)

Specimens Ultrasonic pulse velocity Average velocity (m/s)

Method Velocity (m/s)

Normal Corrosion Crack Repair Normal Corrosion Crack Repair

C 4781 4477 4384 4677

D 4744 4171 3890 4681

Semi-Direct A 4897 4504 4471 4749 4784 4355 4102 4666

B 4813 4342 4113 4693

C 4642 4220 3723 4556

Indirect A 4974 4673 4575 4817 3770 3455 3313 3639

B 2566 2237 2051 2460

GRT-2 Direct A 4828 4601 4581 4734 4773 4496 4375 4668

B 4796 4411 4543 4626

C 4828 4581 4423 4754

D 4639 4392 3952 4557

Semi-Direct A 5315 4602 4491 4854 5070 4447 4051 4807

B 5018 4428 3924 4845

C 4878 4310 3739 4723

Indirect A 4891 4470 4223 4755 3672 3199 2963 3581

B 2453 1927 1702 2407

GRT-3 Direct A 4934 4551 4454 4851 4862 4175 3910 4670

B 5170 4590 4298 4844

C 4851 4425 4355 4848

D 4492 3133 2534 4135

Semi-Direct A 4959 4653 4341 4716 4879 4413 3700 4650

B 4943 4355 3600 4690

C 4735 4230 3158 4543

Indirect A 5117 4126 3882 4571 3641 3017 2753 3321

B 2165 1907 1623 2071

JKT-1 Direct A 4861 4611 4484 4861 4852 4574 4366 4852

B 4994 4681 4451 4994

C 4914 4617 4419 4914

D 4639 4385 4109 4639

Semi-Direct A 4934 4589 4152 4934 4834 4357 3951 4834

B 4828 4318 3913 4828

C 4768 4163 3787 4768

Indirect A 5286 4677 4251 5286 3815 3385 3044 3815

B 2342 2092 1836 2342
(Continued)
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3.4.1 The Relationship between Corrosion Level and Velocity
Testing UPVat different levels of corrosion resulted in measurements illustrated in Fig. 14. The velocity

decreased after the concrete underwent acceleration processes with varying degrees of corrosion. The higher
the percentage of corrosion applied, the lower the velocity generated. The average velocity obtained after
corrosion testing yielded a value of 4000 m/s. This aligns with the study conducted by Almashakbeh
et al. [53], where changes in UPV values tend to follow an increase in the level of corrosion.

3.4.2 Relationship between Corrosion Level and Ultrasonic Waveform
An increase in corrosion values in concrete structures can cause a decrease in the quality of the concrete

material and can weaken the structure as a whole. Cracks that occur in concrete are a visual sign of damage
caused by steel corrosion. The higher the level of corrosion, the more cracks will occur [54], and this can
weaken the bond between the concrete materials and steel reinforcement. as shown in Fig. 15. It explains
that there is a continuous decrease in signal along with increasing corrosion acceleration values.

3.4.3 Comparison of Velocity Values after Loading
Corrosion in concrete causes degradation, which results in cracks and irregularities in the composition of

the material. This creates obstacles for ultrasonic waves, which undergo distortion or reflection when
penetrating damaged structures. The wave propagation speed observed in Fig. 16 shows a decrease
after the loading process. This decrease is caused by increasing damage to the concrete structure along
with the applied load. Thus, additional damage due to loading worsens the condition of the concrete,
increases the resistance to ultrasonic waves, and reduces the wave propagation speed significantly.

Table 6 (continued)

Specimens Ultrasonic pulse velocity Average velocity (m/s)

Method Velocity (m/s)

Normal Corrosion Crack Repair Normal Corrosion Crack Repair

JKT-2 Direct A 4984 4650 4513 4984 4948 4479 4329 4948

B 5795 4681 4581 5795

C 4581 4448 4290 4581

D 4432 4136 3571 4432

Semi-Direct A 4941 4439 4244 4941 4845 4285 3841 4845

B 4828 4271 3685 4828

C 4765 4145 3593 4765

Indirect A 5251 4680 4296 5251 3639 3302 2815 3639

B 2027 1923 1334 2027

JKT-3 Direct A 4961 4525 4257 4961 4832 4445 4089 4832

B 4961 4620 4360 4961

C 4857 4551 4178 4857

D 4548 4082 3561 4548

Semi-Direct A 5315 4383 4593 5315 5271 4293 3910 5271

B 5528 4389 4051 5528

C 4971 4107 3087 4971

Indirect A 5013 4669 4537 5013 3972 3361 3020 3972

B 2570 2053 1502 2570
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Figure 14: Graph of the relationship between corrosion level and velocity value

Figure 15: Waveform variations in corrosion. (a) 20% corrosion, (b) 25% corrosion, (c) 30% corrosion
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3.4.4 Comparison of Velocity after Grouting Repair
Grouting is a repair technique used to fill and seal cracks in concrete. By reducing the number of cracks,

ultrasonic waves experience less resistance when passing through the concrete, thereby increasing the UPV
value. However, even though there has been improvement, the UPV value after the grouting process has not
yet reached the same value as concrete under normal conditions, as shown in Fig. 17. Therefore, although
grouting can increase the UPV value, it is important to note that grouting is only a corrective action and
may not always return the concrete completely to its original condition.

Figure 17: Differences in velocity values in structures before and after repair with grouting method

Figure 16: Differences in velocity values in concrete conditions after loading
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3.4.5 Comparison of Velocity after Jacketing Repair
Jacketing is a method involving the addition of additional layers to existing concrete structures to

enhance their strength and resistance to external loads or forces. Fig. 18 displays the velocity values after
the repair. The application of jacketing to concrete can have a significant influence on the UPV values.
However, despite the improvement, the ultrasonic wave velocity values after the jacketing process may
not reach the same level as those of concrete in normal conditions.

3.4.6 Comparison of Repair Grouting and Jacketing Waveforms
Differences in the UPV waveform between repair grouting and jacketing can occur due to variations in

the repair methods and the structural characteristics produced by these processes. However, both methods
can enhance UPV velocity values but may not reach the same level as normal concrete. Figs. 19 and 20
illustrate the differences in waveform after repair. Based on these results, it can be concluded that
concrete with jacketing repair exhibits a higher signal shape compared to grouting repair. This is because
jacketing repair shows more uniform and extensive changes across the entire surface of the reinforced
concrete.

Figure 18: Differences in velocity values in structures before and after repair with jacketing method

Figure 19: (Continued)
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4 Conclusion

This research presents the results of a study on the effects of grouting and jacketing repairs on concrete
damaged by steel reinforcement corrosion using the Ultrasonic Pulse Velocity (UPV) of the NDT method.
Acceleration of corrosion in concrete reinforcement is carried out using the galvanostatic method, and

Figure 20: Comparison of velocity repair grouting and jacketing

Figure 19: Comparison of signal shapes in grouting and jacketing repairs
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time estimation is done using Faraday’s Law. Concrete that has experienced accelerated corrosion is then
loaded in two phases: first, to get initial cracks in the concrete, and second, for grouting and jacketing
repairs. After repair, a bending test is carried out to the maximum limit to assess the effectiveness of the
repair method.

UPV testing is divided into four stages: normal conditions, after accelerated corrosion, after loading, and
after repair. UPV uses two probes, a transmitter, and a receiver, which are attached to each side of the
concrete. The grouting repair method is carried out by injecting grout material into cracks caused by
corrosion and loading, while jacketing is carried out by adding a new layer that covers the entire part of
the concrete.

Actual corrosion calculations show differences with estimates based on Faraday’s Law, which is thought
to be caused by the concrete surface being in contact with Styrofoam so that the NaCl solution cannot wet the
surface. In addition, the mass calculated based on Faraday’s Law is assumed to be general corrosion, even
though, in reality, there is local corrosion. The UPV test results show that the greater the percentage of
corrosion, the lower the velocity value. The repair process with grouting and jacketing increases the
velocity value and improves the wave shape. Comparison between grouting and jacketing methods shows
that jacketing has a higher velocity value and a more uniform wave shape than grouting. The flexural test
results also show that concrete using the jacketing method has higher strength than grouting because the
repair is more thorough with the addition of an additional layer of solidity. In conclusion, the use of UPV
as a monitoring tool was successfully implemented, and the jacketing repair method was proven to be
superior to grouting in increasing the strength and stability of corroded concrete.
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