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ABSTRACT 

Compressed Earth Bricks (CEBs) have emerged as an eco-friendly construction material, although their 

properties are highly moisture dependent. This study investigated the applicability of electrical resistivity 

techniques for non-destructive moisture assessment in CEBs and determined the optimal electrode 

configurations for small-scale CEB samples. Various Wenner array electrode configurations, including 

Wenner Alpha, Beta, and Gamma arrangements, were tested on CEB specimens across a wide range of 

relative humidity levels. Numerical modeling using the finite element method was employed to simulate the 

current diffusion process in CEB samples. A mathematical formulation was developed to calculate the true 

electrical resistivity of the specimens based on the measured resistance and the geometric factors obtained 

from the numerical model. The results show that the electrical resistivity of CEBs exhibited a logarithmic 

relationship with moisture content, and the Wenner Alpha and Gamma configurations were proved to be 

the most suitable for small-scale samples. The proposed approach demonstrates the feasibility of 

continuous non-destructive moisture monitoring of CEBs to improve quality control. 

Keywords-compressed earth bricks; moisture monitoring; electrical resistivity measurements; hygroscopic 

material

I. INTRODUCTION 

Electrical resistivity techniques have emerged as a powerful 
non-destructive testing and characterization tool in various 
fields, particularly in geotechnical engineering [1-4]. These 
methods have been extensively researched, developed, and 
applied over the past several decades, gaining recognition for 
their versatility, reliability, and non-destructive nature. 

Compressed Earth Bricks (CEBs) have gained increasing 
attention as a sustainable and eco-friendly alternative to 
conventional building materials [5-7]. CEBs offer numerous 
advantages, such as low embodied energy, natural 
biodegradability, and efficient production methods [8, 9]. 
However, similar to many earth-based materials, CEBs are 
highly hygroscopic [10, 11], meaning that their properties are 
significantly influenced by the moisture content [12-14]. 
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Moisture content plays a crucial role in determining the 
strength, durability, and dimensional stability of CEBs [15]. An 
accurate assessment of moisture content is essential for quality 
control during the production and performance monitoring of 
CEB structures. In this context, electrical resistivity techniques 
have emerged as promising tools for non-destructive moisture 
assessment in various materials, including soils [16-18], steel 
[19], and concrete [20-22]. Notably, previous studies have 
demonstrated the effectiveness of electrical resistivity methods 
in assessing the moisture content of wood samples [23-25], a 
hygroscopic material with high electrical resistivity. This 
suggests the potential applicability of these techniques in 
CEBs. Electrical resistivity methods rely on the principle that 
the electrical resistivity of a material is sensitive to changes in 
its moisture content, and water being a good conductor of 
electricity. However, given the finite size of materials like 
wood and CEB samples, employing electrode configurations 
with large spacings, as commonly used in geotechnical 
applications, may pose challenges due to the limited sample 
dimensions. Therefore, this study focuses on investigating 
suitable electrode configurations for finite-sized samples. 

Given the proven effectiveness of electrical resistivity 
techniques in geotechnical engineering and their potential for 
non-destructive moisture assessment in CEBs, this study aims 
to bridge the gap between these two domains. The main 
objective was to investigate the applicability of electrical 
resistivity methods for measuring the moisture content in CEBs 
and to develop reliable interpretation models for quantifying 
the resistivity of homogeneous CEB samples. First, the 
fundamental principles of the electrical resistivity method and 
the different electrode configurations used in this study are 
presented. Next, the experimental protocol for sample 
preparation and the hydric and electrical resistivity 
measurements are described in detail. Subsequently, the 
numerical approach based on finite element modeling to 
simulate the current diffusion process in the CEB sample is 
explained. Finally, the experimental and numerical results are 
presented and discussed, highlighting the optimal electrode 
configuration for CEB moisture assessment and the limitations 
of the method at low moisture content. 

II. THEORY OF THE ELECTRICAL RESISTIVITY 

METHOD 

A. Fundamental Principles 

Electrical resistivity methods are based on the principle of 
measuring the resulting potential difference of an applied 
electric current in a material or medium. The resistivity of a 
material, an intrinsic property that quantifies its ability to resist 
the flow of electric current, is defined as the resistance per unit 
volume of the material and is expressed in ohm-meters (Ωm). 

In a homogeneous and isotropic medium, the resistivity (ρ) 
is related to the measured resistance (R) by the following 
equation: 

� = � ��     (1) 

where A is the cross-sectional area perpendicular to the current 
flow and L is the length of the material through which the 
current flows. 

In practical applications, the procedure for assessing 
subsurface resistivity involves sequentially arranging four 
electrodes on the surface. A precisely measured direct current 
or low-frequency alternating current is applied between 
electrodes A and B, while the potential difference is measured 
between electrodes M and N, referred to as potential electrodes. 

The apparent resistivity can be calculated using the 
following formula: 

���� = � 	
����     (2) 

where K is a geometric factor that depends on the arrangement 
and spacing of electrodes. 

The geometric factor is expressed as: 

� = ��
� ����

�
�����

�
���

�
���

    (3) 

B. Electrode Configurations 

The selection of an appropriate electrode array 
configuration is crucial for obtaining high-quality data from 
electrical resistivity surveys. Various electrode configurations 
have been developed, each with its own advantages and 
limitations concerning the depth of investigation, sensitivity to 
vertical and horizontal variations in subsurface resistivity, 
horizontal data coverage, and signal strength [17, 24]. 

This study focuses on analyzing the effectiveness of 
resistivity measurements using a Wenner array. Specifically, in 
the study were examined three Wenner array configurations 
(Wenner Alpha, Beta, and Gamma) for subsurface resistivity 
experiments. 

In geophysical applications, the Wenner Alpha array, also 
known as the "normal" Wenner array, excels at detecting 
vertical variations in subsurface resistivity, particularly directly 
beneath the center of the array. The Wenner Beta array, a 
modification of the dipole-dipole array with uniform electrode 
spacing, provides an alternative method. It is particularly 
sensitive to subsurface features and excels in identifying high 
resistivity anomalies near the edges of the array, offering a 
more refined perspective on lateral variations than the Wenner 
Alpha configuration. The Wenner Gamma array, a variant of 
the Wenner-Schlumberger array with evenly spaced electrodes, 
demonstrates a unique sensitivity profile owing to its 
distinctive interleaved current and potential electrode setup. 
The deepest regions of the maps are located below the two 
outer electrodes, marking a departure from the central emphasis 
observed in the Alpha and Beta configurations. By 
investigating these three Wenner configurations, this study 
aimed to determine the optimal arrangement for assessing the 
specific material under investigation and develop reliable 
interpretation models for quantifying the resistivity of 
homogeneous samples. 
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III. EXPERIMENTAL PROTOCOL 

A. Sample Preparation 

The bricks used in this study were sourced from a brick 
manufacturing plant in the southwest region of France, where 
they were produced through vacuum extrusion. The vacuum 
extrusion process introduces a degree of anisotropy in the 
bricks due to the orientation of the clay slabs, resulting in 
variations in the hydric, thermal, and mechanical properties of 
the bricks in two directions: perpendicular and parallel to the 
extrusion direction [26]. The bricks had dimensions of 225 x 
110 x 50 mm

3
. For this study, smaller specimen samples 

measuring 50 × 40 × 40 mm
3
 were cut from the original full 

bricks. This size reduction was intended to shorten the duration 
of the hydric experiments and facilitate the electrical resistivity 
measurements. 

B. Hydric Experiments 

The electrical resistivity measurements were conducted on 
the brick samples under varying relative humidity conditions to 
investigate the influence of moisture content on the resistivity 
of the material. A desiccator-based humidity control system 
was employed to subject the samples to a wide range of stable 
relative humidity levels. 

The desiccator apparatus allows for precise regulation of 
the ambient environment by establishing defined relative 
humidity conditions, which are determined by the quantities of 
water and salt present. The desiccant salt absorbs or releases 
moisture until equilibrium relative humidity is reached, 
ensuring stable humidity conditions within the desiccator over 
time. 

The brick samples were placed inside the desiccator and 
exposed to six progressively lower target Relative Humidity 
(RH) setpoints: 100%, 70%, 60%, 50%, 40%, and 20%. At 
each setpoint, the samples were allowed to equilibrate until 
they reached a stable moisture content, which corresponded 
directly to the equilibrated RH level. The equilibration process 
ensured that the moisture distribution within the samples was 
uniform and representative of specific humidity conditions. 

The desiccator-based environmental control method 
provides a controlled and stable method for evaluating the 
influence of the moisture content on the resistivity of the 
sample. By covering a wide range of RH levels, from 
saturation (100% RH) to dry conditions (20% RH), the 
experimental procedure enabled a comprehensive 
characterization of the resistivity-moisture relationship. To 
quantify the moisture content of the brick samples at each 
relative humidity setpoint, gravimetric measurements were 
conducted. The samples were weighed after reaching 
equilibrium at each humidity level and compared to their dry 
mass, which was obtained by drying the samples in an oven at 
a suitable temperature until no further change in mass was 
observed. The moisture content (w) was calculated as the ratio 
of the mass of water to the dry mass (m0) of the sample, 
expressed as a percentage: 

� = ����
�� �%�    (4) 

where m is the mass of the sample at a given moisture content. 

The hydric experiments demonstrated that the saturation 
moisture content of the CEB sample varied according to an 
exponential function of the relative humidity, as illustrated in 
Figure 1. This behavior is characteristic of the hygroscopic 
properties of porous materials, such as CEBs. Notably, across 
the relative humidity range of 20-100%, the moisture content of 
the tested sample fluctuated between 1.86% and 9.48%. This 
implies that even under saturated ambient humidity conditions, 
the moisture content of the CEB sample reached a threshold 
below 10%. 

 

 
Fig. 1.  Moisture content of CEB samples as a function of relative 

humidity. 

C. Electrical Resistivity Experimental 

Electrical resistivity measurements were conducted using a 
Syscal Junior resistivity meter (Figure 2), which is a device 
commonly used in geological surveys. The Syscal Junior is 
capable of performing electrical resistivity measurements in a 
standard four-electrode configuration consisting of two current 
electrodes that inject a direct current into the material and two 
potential electrodes that measure the resulting voltage drop. 
The Syscal Junior resistivity meter used in this study offers two 
measurement modes with different current injection levels: 
1250 mA and 50 mA. These two modes were employed to 
measure the electrical resistivity of the CEBs samples, and the 
results obtained from both modes were compared and cross-
validated to ensure measurement accuracy. The 1250 mA mode 
is the standard measurement mode of the Syscal Junior system, 
providing a higher current injection level suitable for a wide 
range of materials. On the other hand, the 50 mA mode, which 
is achieved through the integration of a current divider module, 
allows for more precise measurements by reducing the 
maximum injectable current. By utilizing both the 1250 mA 
and 50 mA modes, we aimed to obtain a comprehensive set of 
resistivity data for the CEB samples. The comparison and 
cross-validation of the results from these two modes help to 
ensure the reliability and robustness of the measurements, 
thereby enhancing the overall quality of the resistivity 
assessment. 

One of the challenges encountered when measuring 
resistive samples, such as CEBs, is the accurate measurement 
of low current levels. While the resistivity of CEBs is not 
exceptionally high compared to that of other building materials, 
precise quantification of the currents passing through the 
samples remains important for accurate resistivity 
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determination. To address this requirement and enhance the 
sensitivity of the resistivity meter, a current divider module was 
integrated into the Syscal Junior system. The current divider 
module effectively reduced the maximum injectable current 
from 1250 mA to 50 mA, allowing for improved resolution in 
measuring the currents traversing the samples. The 
incorporation of the current divider module is advantageous for 
the analysis of small-scale compressed earth brick samples, as 
it enables the Syscal Junior system to accurately measure the 
current levels passing through the specimens, thereby 
improving the overall sensitivity and precision of the resistivity 
measurements. Since the brick test samples were small, on the 
scale of a few centimeters, specialized electrodes and cabling 
were required as opposed to conventional geophysical 
resistivity equipment designed for semi-infinite subsurface 
profiling. Figure 3 provides details on the custom electrode 
fabrication and connectivity for suitability to small brick 
specimens and precision resistivity quantification. 

 

 

Fig. 2.  Syscal Junior resistivity meter. 

 

Fig. 3.  CEB sample with specific cables and electrodes. 

The electrodes used in the electrical resistivity 
measurements were fabricated by melting a tin-copper alloy 
and pouring it into cylindrical molds. This process allowed for 
the creation of durable and conductive electrodes with a shape 
that easily fits into the designated sensor insertion points in the 
compressed earth brick samples. The molded electrodes were 

then fitted with electrical cables to facilitate their connection to 
the resistivity measurement system. 

To investigate the optimal electrode configuration for 
measuring the electrical resistivity of CEBs, 24 quadrupole 
configurations were considered, as presented in Table I. These 
configurations were based on the Wenner electrode system, 
which consists of four equally spaced electrodes arranged in a 
linear fashion. The 24 configurations are grouped into three 
distinct types: Wenner Alpha, Wenner Beta, and Wenner 
Gamma, each representing a specific arrangement of the 
current (A, B) and potential (M, N) electrodes. 

In the Wenner Alpha configuration, the current electrodes 
occupy the outer positions (1 and 4), whereas the potential 
electrodes are placed in the inner positions (2 and 3). Eight 
different permutations were considered in this arrangement. 
The Wenner Beta configuration involves the current electrodes 
being adjacent to each other (1 and 2, or 3 and 4), with the 
potential electrodes occupying the remaining positions, 
resulting in eight variations. Lastly, the Wenner Gamma 
configuration features an alternating pattern of current and 
potential electrodes, with the current electrodes at positions 1 
and 3 (or 2 and 4) and the potential electrodes in the remaining 
positions, yielding eight arrangements. 

TABLE I.  QUADRUPOLE CONFIGURATION 

Mode  Configuration (A, B, M, N) 

Wenner 

Alpha 

(1, 4, 2, 3), (1, 4, 3, 2), (2, 3, 1, 4),  

(2, 3, 4, 1),(3, 2, 1, 4), (3, 2, 4, 1),  

(4, 1, 2, 3), (4, 1, 3, 2) 

Wenner 

Beta 

(1, 2, 3, 4), (1, 2, 4, 3), (2, 1, 3, 4),  

(2, 1, 4, 3),(3, 4, 1, 2), (3, 4, 2, 1),  

(4, 3, 1, 2), (4, 3, 2, 1) 

Wenner 

Gamma 

(1, 3, 2, 4), (1, 3, 4, 2), (2, 4, 1, 3),  

(2, 4, 3, 1),(3, 1, 2, 4), (3, 1, 4, 2),  

(4, 2, 1, 3), (4, 2, 3, 1) 

 
The electrical resistivity experiments were performed under 

two injection conditions for each quadrupole configuration, 
using both 1250 mA and 50 mA currents. The use of redundant 
datasets with different current levels provides internal 
validation and allows the assessment of potential current-
dependent effects. By considering a comprehensive set of 24 
electrode configurations and duplicating measurements at two 
current levels, this study obtained extensive resistivity data 
spanning moisture levels from saturated to completely 
desiccated states. 

IV. NUMERICAL APPROACH 

The generalized Ohm’s and Fourier's laws demonstrate a 
clear analogy between electrical conduction and steady-state 
heat transfer [27]. Exploiting this relationship, the current 
diffusion process was modeled by implementing the Cast3M 
finite element code's heat transfer tools [28]. The model reflects 
the real sample and electrode dimensions for all configurations 
(Figures 4 and 5). 

For parallelepiped specimens containing internal electrode 
arrays, generating a mesh encompassing the entire sample and 
electrode assembly is generally advised. However, the problem 
presented in this research possesses complete symmetry. 
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Consequently, rather than modeling the entire sample and its 
internal electrode system, it is sufficient to consider only half 
of the sample, as depicted in Figure 4. This approach 
significantly reduces computational complexity while 
maintaining an accurate representation of the current flow 
process through the sample between the electrode pairs. The 
electrodes were numbered sequentially from one to four, 
corresponding to their arrangement in the experimental setup. 

 

 

Fig. 4.  Sample discretization. 

 

Fig. 5.  Electrode modeling. 

The electrodes were modeled in the form of cylinders 
connected to the specimen using prismatic elements (Figure 5). 
The current was applied at the top surface of the electrodes, 
which were modeled as perfectly conductive elements. In the 
experimental setup, the Syscal resistivity meter automatically 
adjusted the generated current intensity to ensure that the 
desired potential difference between the measuring electrodes 
was established. However, for the numerical model, due to the 
linear Ohm's law, the simulated resistance value remains 
independent of the applied potential or injected current. 
Therefore, the numerical model adopted a normalized injection 
current of 1 A for simplicity and consistency in the 
computational analysis. 

In this case, for the numerical model, given any resistivity 
field of the sample, irrespective of the electrode positions, the 
configurations within each quadrupole group (Wenner Alpha, 
Beta, Gamma) yielded an identical value of the numerical 
difference potential. However, it should be noted that in real-
world experimental settings, there might be inherent 
uncertainties or discrepancies between repeated measurements. 
In the context of a sample possessing a unit resistivity value, 

the numerical model facilitates the calculation of the 

corresponding resistance values, represented as �	
���� ����   

According to the numerical values of �� ! "�#⁄  presented 
in Table II for the Wenner configurations, significant 
differences are observed among the quadrupole groups. These 
disparities arise from the distinct geometrical factors associated 
with each configuration. The Wenner Beta configuration 
yielded the lowest �� ! "�#⁄  value, indicating a higher 
sensitivity to the sample's resistivity. This is attributed to the 
closer spacing of the potential electrodes, resulting in a smaller 
measured potential difference �� ! "�#⁄ for a given injection 
current. Conversely, the Wenner Alpha and Gamma 
configurations exhibit higher and similar �� ! "�#⁄ numeric 
values. This similarity stems from the comparable electrode 
spacings and alternating arrangement of current and potential 
electrodes in both configurations. The higher values suggest a 
lower sensitivity to the sample's resistivity compared to the 
Wenner Beta configuration. 

TABLE II.  �	
���� ����OF 3 TYPES OF QUADRUPOLES 

Configuration mode %&'()*+, -./0
�1� 

Wenner Alpha 16.42 

Wenner Beta 3.11 

Wenner Gamma 13.31 

 

The differences in �� ! "�#⁄ numeric values among the 
Wenner configurations highlight the importance of considering 
the electrode arrangement when interpreting resistivity 
measurements. The choice of configuration should account for 
factors such as the desired sensitivity, spatial resolution, and 
the expected resistivity distribution within the sample. 
Understanding the influence of electrode geometry on the 
measured resistivity response is crucial for accurate data 
interpretation and optimizing experimental designs for specific 
applications. 

V. RESULTS AND DISCUSSION 

Through a comparison of the resistance measurements on 
the sample obtained using two experimental modes, 
specifically 1250 mA and 50 mA, Figure 6 visually illustrates 
the observed deviation. It is noteworthy that the 1250 mA 
measurement mode is unable to measure resistance at relative 
humidity of 40% RH and 20% RH. The graphical 
representation demonstrates that as humidity decreases, the 
deviation between resistance measurements obtained from the 
two modes progressively increases. Importantly, beyond a 
humidity level of 50% RH, the average deviation between 
measurement modes became significantly pronounced. This 
suggests that, at least from a humidity level of 50% RH 
onwards, the resistance measurements obtained from the 1250 
mA mode noticeably diverge from those acquired from the 50 
mA mode, ultimately reaching a point where they could not be 
quantified. 
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Fig. 6.  The observed deviation of  
	
��
��  measured in the 50 mA and 1250 

mA modes. 

By comparing the two resistance measurement modes, it 
was observed that the 50 mA mode was able to obtain higher 
resistance values corresponding to the resistivity of the sample. 
This indicates that the 50 mA mode is more suitable for 
utilizing the measurement results in subsequent analysis. 
Therefore, when considering the standard sample, the 
measurement data obtained from the 50 mA mode were used 
for analysis purposes. 

The standard deviation of the measured 
	
��
�� values, a 

measure of the dispersion of data around the mean, reveals that 
among the three Wenner array modes obtained from the 50 mA 
mode (Figure 7), Wenner Beta exhibits the highest deviation, 
corresponding to the greatest dispersion of measurement values 
relative to the other modes. Notably, Wenner Beta is essentially 
a Dipole-Dipole array with uniform electrode spacing. This 
indicates that while the Dipole-Dipole configuration proves 
effective in geotechnical applications (semi-infinite 
environments), it may not be suitable for smaller-sized 
samples. The other two measurement modes, Wenner Alpha 
and Gamma, show less dispersion in their results, with Wenner 
Alpha presenting the least variation. 

 

 

Fig. 7.  Standard deviation of 3 configuration modes. 

Figure 7 illustrates that as the moisture content of the CEB 
samples decreased, the standard deviations of the resistivity 
measurements across all three configurations became 
increasingly significant. This trend indicates that the reliability 
of the measured data decreased with lower moisture levels. To 

address this issue and extend the applicability of the electrical 
resistivity method to lower moisture content, future 
investigations could explore the use of equipment with higher 
measurement capacities or consider alternative electrode 
configurations that may improve the accuracy and precision of 
the measurements in the low-moisture range. Unlike electrical 
conduction in a semi-infinite medium, wherein (2) applies, the 
quantification of the geometric factor Km for a finite volume 
necessitates modifications to account for the sample 
boundaries. In this confined transmission medium geometry, 
Km exhibits dependence on both electrode configurations as 
well as specimen shape, deviating from the standard 
expressions: 

���� = �� 	
����     (5) 

Considering a specimen of identical dimensions and 
electrode configurations to the experimental setup, possessing a 
homogeneous resistivity of unity, the numerical model 
facilitates computing the geometric factor Km corresponding to 
the experimental arrangement. Thereby, the actual electrical 
resistivity �23�  can be quantified through the subsequent 

relationship: 

�
%45��6�� -789
%45��6�� -:;<

�

23�
    (6) 

�	
���� �23� : 
	
��
��  measured. 

According to (5), based on the measurement data obtained 
using the 50 mA mode and Wenner Alpha configuration, and 
the numerical models for the case of a homogeneous sample, 
the true electrical resistivity can be determined, as shown in 
Figure 8. It is evident that the electrical resistivity of the CEB 
sample exhibits a logarithmic relationship with moisture 
content. As the moisture content of the sample increases, the 
resistivity decreases exponentially, spanning the investigated 
range from 2% to 10% moisture content. However, it is 
important to note that the reliability of the measured data 
decreased as the moisture content of the CEB samples 
decreased. 

 

 

Fig. 8.  Calculated resistivity of CEB sample. 
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This study demonstrated the feasibility of the electrical 
method in determining the electrical resistivity of CEB 
samples, but it also highlighted the challenges associated with 
measurements at lower moisture levels. The decreasing 
reliability of the data with lower moisture content suggests that 
additional experiments and methodological improvements are 
required to extend the applicability of this method to a wider 
range of moisture levels. Possible solutions include using 
instruments with higher measurement sensitivity or 
investigating alternative electrode configurations that may 
enhance the accuracy and precision of the measurements in the 
low moisture range. 

VI. CONCLUSIONS 

This study successfully demonstrated the feasibility and 
potential of applying electrical resistivity measurement 
techniques for non-destructive moisture assessment in CEBs. 
By integrating experimental resistivity measurements on CEB 
samples under varying moisture conditions with numerical 
modeling using the finite element method, this research 
provides a comprehensive investigation into the relationship 
between resistivity and moisture content in CEBs.We show the 
reliability of the resistivity technique for nondestructive 
moisture assessment in CEBs. Moreover, the Wenner Alpha 
and Gamma configurations were identified as more suitable for 
small-scale CEB samples compared to the Wenner Beta 
configuration, with the Wenner Alpha configuration exhibiting 
the most stable and consistent results. 

A logarithmic relationship was observed between the 
resistivity and moisture content of CEBs, with resistivity 
decreasing exponentially as the moisture content increased 
from 2% to 10%. However, we recognized the decreased 
reliability of measurement data at low moisture content, as 
evidenced by high standard deviations. 

The novelty of this work lies in its comprehensive approach 
to adapting electrical resistivity techniques for the specific 
context of small-scale compressed earth bricks. This study is 
one of the first to utilize electrical methods for moisture 
determination in CEBs, representing a significant advancement 
in the nondestructive testing of these sustainable building 
materials. Furthermore, this research uniquely combines 
detailed experimental measurements using various Wenner 
array configurations with finite element modeling to determine 
the true resistivity of CEBs across a range of moisture content.  

The significance of this study is two-fold. It provides a 
methodology for nondestructive moisture assessment in CEBs, 
addressing the critical need for sustainable construction 
practices, and these findings pave the way for developing real-
time moisture monitoring systems for earthen structures, 
potentially revolutionizing the quality control and maintenance 
practices in this field. 

This study bridges the gap between geotechnical resistivity 
methods and sustainable construction materials, opening new 
avenues for research and applications in sustainable building 
technologies. Despite these promising results, limitations exist, 
particularly for moisture levels below 2%. Future research 
should focus on enhancing the measurement accuracy at low 

moisture levels and integrating electrical resistivity sensors into 
the CEB components for real-time monitoring. 

In conclusion, this study demonstrates the significant 
potential of electrical resistivity techniques for sustainable 
construction using CEBs. This advances our understanding of 
moisture behavior in CEBs and lays the foundation for 
innovative monitoring systems to enhance the durability and 
performance of earthen structures. As the construction industry 
seeks sustainable alternatives, this research provides valuable 
tools for ensuring the quality and longevity of earth-based 
building materials. 
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