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Abstract: Embedded sensors are widely employed for the structural health monitoring of structures
constructed with concrete or mortar. Despite embedded sensors being actively used, there has been
no study on whether or not the sensor probe placement within structures made of concrete or mortar
influences their structural stability. The strength of small structures in particular could be affected by
sensor probes embedded within them. To address the lack of research in this area, this study analyzed
the effect of embedding positions of sensor probes on the compressive strength development of
mortar. After the production of mortar specimens with the depth of the embedded sensor being
controlled by the developed mold, compressive strength tests were conducted, and then test results
were verified through finite element analysis. For testing, copper–nickel-plated sensor probes were
embedded within the mortar because these sensor probes are popular commercial probes. The test
results show that the compressive strength was 7.1 MPa when the sensor probe was embedded at a
depth of 5 mm. In contrast, the compressive strength was 28.2 MPa at a depth of 30 mm. Since the
compressive strength without the embedded sensor probe was 29.8 MPa, considering the results of
this study, it is highly recommended that copper–nickel-plated sensor probes be embedded at least
30 mm from the surface of mortar structures.

Keywords: embedded sensor probe; copper–nickel-plated sensor probe; mortar; compressive
strength test; finite element analysis

1. Introduction

The Internet of Things (IoT) is a technology allowing physical objects that cannot
communicate to connect and exchange measured information with other systems via a
wireless network. It is an innovative technology in the information technology (IT) field
that connects physical objects through the Internet [1]. Among the many IoT technologies
currently available, wireless sensor networks (WSNs) are the most important technology
because WSN nodes enable data measured by sensors to be sent and received without
wires [2]. These networks can send data when physical or environmental changes are
measured from different locations, such as temperature, sound, vibration, pressure, mo-
tion, pollutants, etc. [3,4]. Sensors are being rapidly applied across many industrial fields,
including the agricultural, medical [5,6], civil engineering [7], and architectural fields [8].
In particular, various sensors are employed to measure the changes in concrete or mortar,
including temperature, humidity, corrosion, level of pH, and pressure [9], because cementi-
tious materials, such as concrete and mortar, are frequently employed in the construction
engineering field [10].

Over time, structures constructed with cementitious materials can be damaged due
to chemical and environmental factors, such as alkali–silica reactions, freeze–thaw cycles,
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etc. [11]. An alkali–silica reaction can cause deterioration by inducing expansion and
cracking from within [12]. Also, repeated freezing and thawing due to sudden temperature
changes can result in scaling and micro-cracks on the surface of concrete or mortar [13].
Consequently, the health monitoring of structures constructed with cementitious materials
is required for their stability and durability [14]. Sensors widely employed for monitoring
cementitious materials can be broken down into two categories: contact and non-contact
types [9]. A piezoelectric sensor is a representative contact-type sensor that is attached to
the surfaces of concrete or mortar structures which assesses their statuses by measuring
the electrical signal corresponding to the physical deformation rate [15]. Although contact-
type sensors have high accuracy and a low cost, stable and constant measurement can be
affected by environmental influences because they are attached to the structure surface [16].
Non-contact-type sensors, such as those using optical fibers and electromagnetic waves,
have the advantage of easy data measurement [17]. Still, accuracy is lower when they are
applied to cementitious structures [18]. To address the drawbacks of both contact and
non-contact methods, embedded sensors buried within concrete or mortar structures are
being developed extensively [19]. These embedded sensors have enhanced durability and
accuracy because they are not directly affected by the surrounding environment [20]. As
a result, the construction industry is actively researching the use of embedded sensors
to monitor internal changes in cementitious structures, particularly in mortar. However,
sensors embedded into the mortar may affect the overall structural properties of the
material. Therefore, in this study, the effects of these embedded sensors may have on
mortar were analyzed.

2. Literature Review

There have been several studies examining different methods of using embedded
sensors to monitor mortar. Ekaputri et al. [21] proposed a method of using embedded
sensors to monitor the relative humidity inside the mortar. In their study, ordinary mortar
specimens made with ordinary Portland cement were compared with blast furnace slag
(BFS) mortar specimens made by replacing 40% of the cement with BFS. Probes of humidity
sensors were inserted into each specimen for monitoring, and the results show that the BFS
mortar specimens had a lower internal relative humidity than ordinary mortar specimens
due to their physical and chemical properties. Zhou et al. [22] suggested embedding
cement-based piezoelectric ceramic sensors in mortar to monitor the propagation of cracks
in real time. In their study, they fabricated cement-based piezoelectric ceramic composite
materials and sensors, connected them to an acoustic emission (AE) monitoring system,
and presented a real-time method for detecting AE signals during cubic split tests on
mortar. To do this, eight AE sensors were embedded in the corners of 300 × 300 × 300 mm
mortar specimens, and cubic split tests were performed. As a result, they proved that
cement-based piezoelectric ceramic sensors could be used to monitor crack propagation
in real time. Im et al. [23] developed an ultra-thin iron corrosion sensor covered with
an anion exchange membrane to monitor the corrosion level of rebars within reinforced
concrete effectively. In their study, they embedded the developed sensor at 10 mm intervals
in mortar specimens. They measured the chloride concentration in the mortar through
the sensor’s resistance value as chloride ions penetrated the mortar. The results show
that the developed sensor was sensitive to the penetration of chloride ions. Still, the
authors mentioned that for application in real construction sites, the sensor must be able to
withstand greater stress, as concrete has a higher strength than mortar. Pan and Huang [24]
applied piezoelectric cement sensors based on the electromechanical impedance (EMI)
technique to monitor the strength of mortar. In their study, they embedded piezoelectric
cement (PCE) and lead zirconate titanate (PZT) sensors in three types of mortar specimens
with W/C ratios of 0.4, 0.5, and 0.6 and monitored their compressive strength for 56 days.
The results show that the strength monitoring performance of PEC sensors was similar to
that of PZT sensors. However, the monitoring performance of PEC sensors was considered
superior because their electrical impedance changes were more apparent than those of
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the PZT sensors. Accordingly, the authors mentioned that PEC sensors are particularly
suitable for monitoring changes in the material properties of cement-based materials.
Sampaio et al. [25] developed an iridium oxide (IrOx)-based sensor sensitive to pH to
present a method for manufacturing and characterizing embedded sensors for monitoring
the pH concentration of steel embedded in mortar. In their study, they embedded the
developed sensor in mortar specimens for verification and conducted monitoring after
exposing them to a sulfuric acid solution. The results demonstrate that the developed
sensor successfully measured the pH changes inside the mortar in real time and stably
operated even when exposed to a sulfuric acid solution. The objectives and novelties of
this literature are summarized in Table 1.

Table 1. Summary of literature review.

Authors (Year) Objective Novelty

Ekaputri et al. (2016) [21] Measuring relative humidity Measuring the effect of BFS on the
internal relative humidity of mortar

Zhou et al. (2016) [22] Monitoring the propagation of cracks
Real-time monitoring of crack

propagation using a cement-based
piezoelectric ceramic sensor

Im et al. (2017) [23] Monitoring the corrosion level of rebars
within reinforced concrete

Measuring the level of corrosion by
embedding the sensor

Pan and Huang (2020) [24] Measuring mortar strength development
Monitoring the strength of mortar

through PEC sensor and EMI
technologies

Sampaio et al. (2022) [25] Monitoring the pH concentration of steel
embedded in mortar

Developing a sensor based on iridium
oxide to detect the pH concentration of

steel within mortar

3. Problem Statement and Research Objective

The literature review indicates that embedded sensors are widely utilized in the
construction industry to detect and measure changes within mortar. Employing embedded
sensors offers a promising non-destructive approach to collecting vast amounts of data [9]
and can be used to accurately identify internal changes [26]. However, embedding sensors
in cement-based materials such as concrete or mortar may require sensor probes to protect
themselves from chemical reactions characterized by high alkalinity and hydration heat
in the mortar [27]. These embedded sensor probes comprise various materials, including
stainless steel and carbon fibers [28,29]. This means that mortar strength may not reach
the planned levels due to the different physical properties of these materials. However,
existing research has primarily focused on the feasibility of measuring internal changes
with embedded sensor probes. The impact of probe location and presence on material
strength has yet to be investigated. Consequently, this study aimed to experimentally
examine the influence of embedded sensor probes on the compressive strength of mortar,
validate the experimental findings through numerical analysis, and suggest appropriate
probe placement to ensure the achievement of the desired compressive strength. Ultimately,
this study provides crucial data to ensure sustainable structural stability when sensors
inserted into their probes are embedded in mortar structures.

4. Research Methodology

For structural members such as reinforced rebars embedded in mortar, the thickness
of the mortar starting from the top section of the embedded structural member to the
surface of the cementitious structure is crucial. If the mortar covering is not thick enough,
it cannot last over the expected lifetime of a cementitious structure due to cracking along
the embedded structural member, neutralization, and corrosion of the member [30].
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Therefore, in this study, to examine mortar strength development when the covering
thickness from the top section of the embedded structural member to the surface of the
cementitious structure is changed, the embedding position of the sensor probe in the
mortar was set as a variable, and a compressive strength test was conducted on the mortar
specimens with the probe embedded at each position. Additionally, the compressive
strength test results were verified through finite element analysis.

5. Experiment Materials and Methods
5.1. Materials and Mix Design

The cement employed for producing mortar in this study was ordinary Portland
cement. Ordinary Portland cement usually consists of silicon dioxide (SiO2), iron oxide
(Fe2O3), calcium oxide (CaO), aluminum oxide (Al2O3), along with trace elements like
magnesium oxide (MgO) and sulfur trioxide (SO3) [31]. These ingredients determine
the performance of the cement, such as initial setting time, strength development, heat
of hydration, and corrosion resistance [32]. The ingredients of the employed ordinary
Portland cement were the same as the specifications provided by ASTM C150 [33], as
shown in Table 2. According to ASTM C 928 [34], the 28-day compressive strength of repair
concrete and mortar should be at least 28 MPa. Therefore, in this study, the design reference
strength of the mortar was planned to be at least 28 MPa when there is no embedded sensor
within the mortar. For the mortar compressive strength test, the proportions of the mortar
mix were 1:2.75:0.485 (cement/sand/water) according to ASTM C109 [35]. To ensure that
the materials were uniformly mixed, the water and cement were added to the mixer at a
speed of 140 ± 5 r/min for 30 s following ASTM C305 [36], followed by the addition of all
the sand, and mixed for another 30 s at a speed of 285 ± 10 r/min. The machine was then
stopped for 90 s to enable us to scrape the mortar off the sides and mixing was commenced
for 60 s at 285 ± 10 r/min.

Table 2. Chemical composition of cement.

Parameter Ordinary Portland Cement (%)

SiO2 22.5
Fe2O3 3.6
SO3 2.3
CaO 62.9
MgO 2.1
Al2O3 5.2

5.2. Sensor and Specimen Size Setting

In this study, the effect of changing the embedding position of the sensor probe on the
compressive strength, with respect to mortar cover thickness, was investigated through
experiments to determine the sensor probe position that satisfies the compressive strength
requirements. The sensor used was the SHT-31, a temperature and humidity sensor made
by Sensirion [37]. The probe of this sensor has a total length of 40 mm, an outer diameter
of 14 mm, and an inner diameter of 11 mm, as shown in Figure 1. It is made of nickel-
plated copper to allow it to withstand corrosion and the heat of hydration in the alkaline
environment inside mortar [38]. The mortar specimen for embedding the sensor probe was
prepared in the form of a cube 50 mm in width, length, and height, as shown in Figure 2.
The embedment position of the sensor probe was set by adjusting the sheath thickness at
5 mm equidistant intervals, which provided control of the experimental variables, and the
probe was embedded at distances ranging from 5 mm to 30 mm from the surface.
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Figure 2. Conceptual drawing of mortar cube with embedded sensor probe for compressive
strength test.

5.3. Production of Test Specimens

To produce specimens for determining the compressive strength development accord-
ing to the embedment setting of a sensor probe, the probe should be embedded along
with the mortar pour and then cured. However, suppose the sensor probe is embedded
immediately after pouring; the setting of the sensor probe in the mortar may change while
curing due to its self-weight, resulting in it sinking into the mortar or tilting. Therefore,
a mold was created that allows the control of the probe embedment setting to be varied,
ensuring that the probe remains at the planned embedment depth during curing in the
mortar without moving and producing specimens with evenly spaced cover thicknesses.
The sensor probe material employed in this study was copper plated with nickel. Although
copper is a non-magnetic material [39], this sensor has been proven to be a ferromagnetic
material because nickel is plated on the surface of copper. Therefore, it magnetizes the
copper so that it sticks to magnets [40]. Based on these material properties, a rod was fabri-
cated to control the depth at which the probe was set, allowing the probe to be embedded
into the mortar after probes covered with magnets were placed on the depth control bar at
each embedding position set as an experimental variable, as shown in Figure 3. Magnets
with a diameter of 10 mm, which is smaller than the inner diameter of the probe (11 mm),
were installed at 60 mm intervals on the depth control rods to ensure that the rods and the
probes were entirely attached, preventing the probe from moving inside the mortar while
curing. Additionally, a method of setting the probe position was employed by pouring
mortar into a cube mold, as shown in Figure 4, allowing the rods to be secured at 5 mm
intervals and ensuring accurate mounting at the set embedment position. The mold used
for this study is shown in Figure 5.
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After 24 h of curing, the rods used for setting the probe locations were removed from
the surface of the mortar. The probes were only left in the cured mortar because they were
stuck in the probe setting bar due to the magnets, as shown in Figure 6. The specimens
prepared in this manner were subjected to wet curing for 28 days in a water bath at a
temperature of 23 ◦C ± 2 ◦C, as specified in ASTM C511 [41], and were then tested for
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compressive strength. HCT-DH 200 [42], a digital compressive material-testing machine
from Heungjin with a capacity of up to 2 MN, was used for the tests.
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6. Finite Element Analysis

A finite element (FE) analysis, as described in this section, was used to numerically
investigate the structural stability of mortar specimens equipped with an embedded sensor
probe according to its embedded depth. The commercial finite element software ABAQUS
2022 was used in this work, as it can provide robust, accurate, and high-performance
solutions for nonlinear problems. The damaged plasticity model in ABAQUS, which is
based on Lubliner, Oliver et al. [43] and modified by Lee and Fenves [44], is a suitable
material library with which to model the plastic-damage behavior of quasi-brittle materials
such as mortar. Thamboo and Dhanasekar [45] performed an FE analysis for mortar
masonry using the damaged plasticity model to investigate its mechanical behavior under
shear, flexure, compression, and combined shear compression.

The stress versus strain relationship in the damaged plasticity model is defined
as follows:

σ = (1− d)E0 :
(

ε− εpl
)

, (1)

where σ is the Cauchy stress, ε is the total strain, εpl is the plastic strain, E0 is the undamaged
elastic stiffness, and d is a scalar damage variable ranging from zero (undamaged) to one
(fully damaged).

It is known that the stress–strain response under compression in mortar is significantly
different from that under tension; as a result, the degradation of the elastic stiffness due
to damage is significantly different between compression and tension. The degraded
responses under compression and tension are characterized by two independent damage
variables, dc and dt, respectively. For a general multiaxial loading case, the following
equation is used in ABAQUS:

(1− d) = (1− scdc)(1− stdt), (2)

where sc and st denote the compression and tension stiffness recovery.
The yield function is defined as follows [41,42]:

F =
1

1− α
(q− 3αp + β〈σ̂max〉 − γ〈−σ̂max〉)− σc ≤ 0, (3)
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where p = − 1
3σ:I is the effective hydrostatic pressure; q =

√
3
2 S:S is the Mises effective

stress with
¯
S being the deviatoric part of the effective stress tensor σ; σ̂max is the alge-

braically maximum eigenvalue of σ; σc is the effective compressive cohesion stress; the
Macauley bracket 〈·〉 is defined by 〈x〉 = (|x|+ x)/2; and the function β is given as

β =
σc

σt
(1− α)− (1 + α), (4)

where σt is the effective tensile cohesion stress.
The coefficient α can be calculated by

α =
(σb0/σc0)− 1

2(σb0/σc0)− 1
, (5)

where σb0 and σc0 are biaxial and uniaxial compressive strength, respectively. Typically,
σb0/σc0 ranges from 1.10 to 1.16, which yields α = 0.08 ∼ 0.12.

The coefficient γ becomes active only when σ̂max < 0 (triaxial compression), which is
given by

γ =
3(1− Kc)

2Kc − 1
, (6)

where Kc is the ratio of the tensile to the compressive meridian and defines the shape of the
yield surface in the deviatory plane.

The nonassociated potential flow rule is employed to define plastic flow as follows:

.
ε

pl
=

.
λ

∂G(σ)

∂σ
, (7)

where
.
λ is the non-negative plastic multiplier and G is the flow potential.

The Drucker–Prager hyperbolic function was selected in this work as follows:

G =

√
(εσt0 tan ψ)2 + q2 − p tan ψ, (8)

where ε is an eccentricity related parameter, σt0 is the uniaxial tensile failure stress, and ψ is
the dilation angle measured in the p− q plane at a high confining pressure.

The mortar specimens using the sensor probes shown in Figure 1 were simulated
for various embedded depths of the sensor probes depicted in Figure 6. The material
properties of the mortar and sensor probes are listed in Table 3. In this study, the sensor
probe was composed of nickel-plated copper, although the material properties of nickel-
plated copper are unknown. Therefore, the value was assumed to be that of a copper–nickel
alloy instead. The material properties of the sensor probe were taken from MatWeb: Online
Materials Information Resource [46], and the material properties of the mortar came from
the literature [45]. A 10-node quadratic tetrahedron (C3D10) element type was utilized
for both the mortar and sensor probe parts. The mortar and sensor probe consisted of
6785 elements and 104 elements, respectively. Translation was not allowed on the bottom
surface. Further details are illustrated in Figure 7.
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Table 3. Properties of mortar and sensor probe.

Material Properties Mortar Sensor Probe

Elastic modulus (MPa) 5000 140,000
Poisson’s ratio (ν) 0.25 0.35

Function coefficient (α) 1.121 -
Dilation angle (◦) 10 -

Eccentricity of the plastic flow (ε) 0.1 -
Ratio of the tensile to the compressive meridian (Kc) 0.667 -

Viscosity parameter (µ) 0.01 -
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7. Results and Discussion

Three specimens were tested for compressive strength per embedment probe setting
for each covering thickness from the top section of the embedded structural member to
the surface of the cementitious structure. The crack developments around the probe in the
specimens during the compressive strength test are depicted in Figure 8.

Table 4 summarizes the compressive strengths for each probe embedment setting
and the compressive strength of the specimen without any embedded probe, i.e., plain
mortar. At a depth of 5 mm, the compressive strength averaged 7.1 MPa; at 10 mm, it
averaged 16.5 MPa; at 15 mm, it averaged 17.5 MPa; at 20 mm, it averaged 21.3 MPa;
at 25 mm, it averaged 23.4 MPa; and at 30 mm, it averaged 28.2 MPa. Meanwhile, the
plain mortar specimen averaged 29.8 MPa, indicating that the compressive strength of the
specimen without an embedded probe was the highest. The strength decreased as the probe
embedment location moved closer to the surface of the mortar specimen. The standard
deviation values were as follows: 0.92 MPa at 5 mm depth; 1.23 MPa at 10 mm; 0.95 MPa
at 15 mm; 1.06 MPa at 20 mm; 0.86 MPa at 25 mm; and 1.12 MPa at 30 mm. This means
that the embedded depth of the sensor probe within the mortar should be 30 mm from the
top surface of the mortar for sustainable structural stability when a copper–nickel-plated
sensor probe is employed.
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Table 4. Comparison of compressive strength test results.

Embedded Depth of the Probe
(mm)

Compressive Strengths of Test Specimens (MPa)

Specimen #1 Specimen #2 Specimen #3 Standard Deviation

5 8.380 6.544 6.344 0.92
10 16.166 15.244 18.180 1.23
15 16.460 18.768 17.360 0.95
20 20.028 22.612 21.276 1.06
25 22.184 24.180 23.748 0.86
30 28.296 26.744 29.472 1.12

Non-embedded 28.914 30.395 29.942 0.62

The scalar compressive damage variable, dc (represented as DAMAGEC in ABAQUS),
for various embedded depths of the sensor probe, is illustrated in Figure 9. The material
was considered undamaged when dc = 0. For visualization purposes, the sensor probe
part has been made invisible. In all cases, the damage occurred diagonally from the sensor
probe, which is consistent with the experimental findings depicted in Figure 8. Specifically,
when comparing Figure 9c to Figure 8c for an embedded depth of 15 mm, the cracked area
(colored black) from the FE simulation exhibits strong agreement with the experimental
results. Compressive strengths were also obtained from the numerical simulations for
the different embedded depths of the sensor probe as follows: 5.9 MPa (5 mm), 14.1 MPa
(10 mm), 17.3 MPa (15 mm), 21.0 MPa (20 mm), 24.4 MPa (25 mm), 27.8 MPa (30 mm), and
30.6 MPa (non-embedded).

The experiments and numerical analyses confirm that the embedded setting of the
sensor probe affects the compressive strength of the mortar. This is due to the presence of
the sensor probe, which causes specimen deformation and failure. The elastic modulus
of the mortar and sensor probe were 5000 MPa [45] and 140,000 MPa [46], respectively, as
shown in Table 3. When two materials possess different elastic moduli, the non-uniformity
of the stress distribution between them under load can lead to variations in strain, resulting
in stress concentration at the joint or interface [47]. As illustrated in Figures 8c and 9, crack
development in the specimen occurred around the probe, confirming that damage occurred
along the interface of the two materials because the elastic modulus of the sensor probe
was 28 times higher than that of the mortar. Additionally, the compressive strength test
results show that the compressive strength averaged 7.1 MPa at 5 mm and 16.5 MPa at
10 mm. The numerical simulation results reveal values of 5.9 MPa at 5 mm and 14.1 MPa
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at 10 mm. The average compressive strength at 10 mm increased by more than two times
compared to the average compressive strength at 5 mm in both the experimental and
numerical simulation results. This is likely due to the probe being buried too close to
the surface, which concentrated the load on the probe and caused it to fail quicker than
specimens at other probe depths, significantly reducing the compressive strength of the
mortar. Consequently, if the sensor probe is close to the specimen surface, cracks are easily
generated due to the concentrated load, resulting in low strength, as seen in the 5 mm
specimen. High strength was achieved for the 30 mm specimen, as the stress concentrated
on the probe was distributed horizontally on the top surface of the specimen. Figure 10
presents a graph comparing the experimental results and the results of finite element
analysis. While there were slight differences between the experimental and numerical
analysis results, the causes are assumed to be errors made by the experimenter during
the experimentation process or testing equipment errors. Nevertheless, the experimental
results could be verified by observing that the numerical simulation results closely follow
the trend of the empirical results. Through the results of finite element analysis, it was
verified that the test results obtained in this study are reliable, and it is emphasized once
again that to reach the desired mortar strength, a copper–nickel-plated embedded sensor
probe must be buried at a depth of at least 30 mm from the surface of mortar structures.
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In this research, a predictive equation was proposed to estimate the compressive
strength of mortar based on the embedded location of the probe, utilizing linear regression
analysis as described below:

y = −0.0135x2 + 1.2143x + 2.8692. (9)

where x is the depth of the sensor probe in the mortar.
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As depicted in Figure 11, the proposed predictive equation yielded an R2 value of
0.9461. This result proves that the compressive strength estimation formula, which relies on
the embedded location of the sensor probe as proposed in this research, can be considered
both reliable and credible. Thus, if the embedded depth of a copper–nickel-plated sensor
probe from the surface of the mortar structure is obtained, this proposed equation can
be applied to estimate the compressive strength of mortar comprising ordinary Portland
cement.
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8. Conclusions

In this study, compressive strength tests were conducted to determine the effect of the
embedded location of a probe on the compressive strength of mortar, and the results were
validated through numerical analysis. The key findings can be summarized as follows:
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1. The compressive test and FE analysis results demonstrate an increasing trend in
compressive strength when the embedment depth increases. The presence of the
probe indeed influenced the mortar strength, as the specimen without the probe
exhibited the strongest compressive strength. This finding emphasizes the significance
of the embedment location of the sensor probe in the development of the compressive
strength of mortar. Based on these observations, it is recommended the probe be
embedded at a minimum depth of 30 mm from the surface of the mortar structure;

2. Both the experiment and numerical analyses showed that the average compressive
strength of the 10 mm specimen was more than twice that of the 5 mm specimen. The
relatively rapid failure of the 5 mm specimen was attributed to the concentrated load
on the probe caused by embedding the sensor probe too close to the surface of the
mortar specimen;

3. The difference between the elastic modulus of the mortar was 28 times that of the
sensor probe. Consequently, both the compressive strength test and finite element
analysis results confirm that cracks occurred around the probe at the interface of the
two materials;

4. A proposed predictive equation was determined based on the test results. This
predictive equation can be applied to estimate the compressive strength of mortar
when a sensor probe with a nickel-plated copper surface has been buried in mortar
comprising ordinary Portland cement if the embedded distance is obtained.

A compressive strength test and FE analysis were conducted by varying the depth of a
sensor probe to identify whether the compressive strength of mortar can reach the expected
compressive strength when the probe is buried in the mortar for the first time. Based on
the results of this study, a sensor probe with a nickel-plated copper surface embedded in
the mortar structure can be considered structurally sustainable if the embedded depth is at
least 30 mm. Additionally, the outcomes of this study can be utilized as data for reference
in further research.
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