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Abstract: The permeability coefficient value is one of the most important parameters
in soil mechanics. Quick, simple, and digital direct soil permeability tests in the field
are needed to obtain data representing conditions. This research aims to create a
portable soil permeability test tool based on microcontroller automation used as a
project-based learning for Transportation Cadets peculiarly Palembang Aviation
Polytechnic Cadets for new experiences of new learning circumstances. This research
method based on the principle of permeability testing using the constant-head method
by analyzing the requirements quantitatively. This principle uses water change level
parameters, which are used to test the infiltration rate in sample soil. Furthermore,
measurements of changes in water level are used by water leveling sensors and
processed using Arduino Uno based on fuzzy logic with access to results via the web,
tool design, and simulation using SIMULINK software. The results of designing a
digital measuring instrument for permeability using the constant head method have
been validated for its schematic circuit using SIMULINK and can work without error.
In conclusion, a model based on Darcy's Law equation and constant head to find the
permeability coefficient can be generated, which can then be a prototype of the tool.
It concluded the design of constant head permeability meter digital is useful as
project-based leaning media for the Palembang aviation polytechnic. Furthermore, the
equipment design will be the first digital measuring tool for permeability coefficient
using the constant head method. The design has advantage to measure the soil
permeability coefficient at the airport in the fastest way.

Keywords: Constant Head, Design Permeability Test, Project-Based Learning, Soil
Permeability Coefficient

A.Introduction

Information on soil permeability values is important for soil characteristics in order to
determine the nature of the soil (Chen et al., 2019, 2020). There are several types of
measuring equipment that can be used to determine permeability values, depending
on the type of soil sample (Nazari et al., 2018). A falling head permeameter is a test tool
that can be used to determine the value of the soil permeability coefficient (Zhang et
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al., 2020). The advantage of this tool is that testing can be carried out in the laboratory
because the test material is a sample of a blood measurement (Lei et al., 2020). The
disadvantage of this equipment is that the data collection process uses human power,
so a supporting tool is needed, namely a data logger. Dara loggers are additional
equipment that can process and store data digitally (Ilie et al., 2020). Digital data
storage is very important in carrying out measurements because a measurement
process that requires a long period and a large amount of data will lead to high
measurement errors (Mishra et al., 2022).

Research Singh et al., 2021 used the support vector machine (SVM) technique to
estimate soil permeability. Input variables include sand percentage (S), percentage of
fly ash (Fa), Specific gravity (G), time (T), and head (H), while the permeability
coefficient (k) is considered as the output. Meanwhile, Lei et al., 2020 used the falling-
head and rising-tail method for permeability testing, which allows the inflow and
outflow rates to be easily measured. The permeameter test using the centrifuge
method is designed to speed up the flow of water and reduce the time required for
testing. Then, Andres-Valeri et al., 2018 proposed a methodology based on saturated
and unsaturated low constant high permeability tests to characterize in detail the
infiltration performance of PC Materials during storm events and predict their
infiltration behavior over time. Then, the results achieved were analyzed to describe
the infiltration performance of the tested PC pavement (Andres-Valeri et al., 2018).
From the research methods and results above, there still needs to be improved, namely
tools that combine artificial intelligence mechanisms and systems. This is necessary to
improve the weaknesses of the method above related to the accuracy of measuring
instruments and storage data, which cannot be portable. Furthermore, the weakness
of the accuracy of the water flow rate at the falling head is improved using a water
leveling sensor (Onyema et al., 2022).

In various fields of study, including in aviation, laboratories, medical applications and
industry, Arduino® boards, like the Arduino® Uno (ATmega328), have been widely
adopted (Amalia et al, 2022). They offer a single-board microcontroller with
programmable input/output peripherals, and they have been utilized in various
monitoring applications due to their user-friendly operation, affordability, and
moderate-to-high measurement accuracy (Zhu et al., 2022). The application of
Arduino® in soil stiffness a low-cost, open-source Traditional lightweight
deflectometer (LWD) onboard sensor signal interpretation system, utilizing Electro-
Mechanical and Micro-Electro-Mechanical-System (MEMS) technology-based sensors
in conjunction with an Arduino® Uno and ADS1262 Breakout Board (Nguyen et al.,
2023). Moreover, in land management, soil moisture tensiometers usually equipped
with mechanical manometers provide an easy and cost-effective monitoring of tension
in unsaturated soils. Yet, periodic manual monitoring of many devices is a tedious
task hindering the full exploitation of soil moisture tensiometers (Zhu et al., 2022).
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The project-based learning effort is based on studies by some teacher educators who
have attempted to ensure that teachers can advance practices in ambitious directions,
so that all cadets, particularly those who were previously underserved by schools, can
experience opportunities for rich learning (Almulla, 2020). Moreover the learning
process with this system will undoubtedly be applied to cadets within the Ministry of
Transportation, especially the Airport Engineering Technology Study Program
(Suryan et al., 2023). The learning outcomes of this course are airport soil mechanics
and the operation and maintenance of the airport engineering Facilities courses. In
airport soil mechanics, cadets must be able to practice and classify soil types based on
their permeability coefficient. Furthermore, the operation and maintenance of the
airport engineering facilities course requires all cadets to know some regulations and
how to inspect airport facilities, especially those related to the soil around the airport.
Based on the requirements, a project-based learning media is urgently required as a
data logger using a water leveling sensor was carried out to measure the soil
permeability coefficient digitally. Therefore, a practical, portable, and efficient
measuring instrument is needed to measure the soil permeability coefficient with
greater accuracy. The use of this tool is to motivate cadets to conduct experiments
when they work on assignments. With a project-based learning approach using tools,
cadets can practice simultaneously with the trial and error method, so learning
outcomes can be achieved more effectively if not using tools (Suryan et al., 2023).

B. Methods

Soil permeability is the ability of the soil to allow water to flow through the soil. Soil
has solid particles with interconnected cavities that allow water to pass through these
cavities (Lei et al., 2020). By applying hydraulic pressure to a fully saturated soil
sample, the permeability level of the sample can be determined, and the rate of water
flow through the sample can be measured. The value of the soil permeability
coefficient is expressed in the form of speed. The method for measuring the level of
soil permeability depends on the characteristics of the sample (Head & Epps, 2011).

In soil mechanics, the study of water flow through soil is important to study. This is
necessary so that problems such as underground seepage occurring under various
hydraulic conditions can be predicted, problems involving water pumping for
underground construction can be investigated, and stability analyses of earth dams
and earth retaining structures subjected to seepage forces can be carried out (Santos
et al., 2020). In controlling the rate of water seepage in the soil, there is a main physical
parameter called hydraulic conductivity, known as the permeability coefficient (k)
(Lopez-Acosta et al., 2019). In international units (SI), the coefficient is expressed in
cm/s. Factors that influence the soil permeability coefficient are fluid viscosity, pore
size distribution, grain size distribution, pore number, mineral particle roughness,
and degree of soil saturation (Liu & Jeng, 2019). Soil permeability coefficients based
on soil types can be seen in Table 1 (Das & Sobhan, 2014).
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Table 1. Permeability coefficient based on soil type

Type of Soil K (cm/s)
clean gravel 100-1,0
coarse sand 1,0-0,01
fine sand 0,01-0,001
silty sand 0,001-0,00001
clay <0,000001
(Zhang et al., 2020)

The concept of fluid flow flowing through soil cavities is the idea of a French scientist,
namely H. Darcy (1986), known as (Darcy’s Law). Darcy found that the flow rate
remains proportional to the hydraulic head under laminar flow (Gao et al., 2020). This
was discovered when Darcy tested water flow through layers of sand with various
thicknesses and pressures. Darcy also discovered that Darcy's law does not apply to
turbulent flows at high speeds. Based on his findings, Darcy’s Law plays an important
role in the analysis and design of various practical problems in geotechnical
engineering as long as the flow through the soil remains laminar (Mir, 2021). The
simple equation for the speed of water discharge through saturated soil is expressed
in Darcy's Law 1 (Das & Sobhan, 2014; Head & Epps, 2011; Mir, 2021; Zhang et al.,
2020).

v =ki (1)
information:
v = water discharge speed (cm3/s)
k = permeability coefficient (cm/s)
i = hydraulic gradient

Based on Equation 1, v is the speed of water discharge based on the gross cross-
sectional area of the soil. However, the actual speed of water (seepage velocity)
through space is greater than v. Figure 1. Shows the relationship between discharge
velocity, which shows soil with length L with gross cross-sectional area A. If the
amount of water flowing through the soil in unit time is g, then q can be expressed in
Equation 2 (Das & Sobhan, 2014; Head & Epps, 2011; Mir, 2021; Zhang et al., 2020).

q=vA= A, @
Information:

q = amount of water flowing through the soil

A = cross-sectional area of the soil sample

vs = seepage speed
A, = cross-sectional cavity area of the soil sample

It can be seen in Equation 3 (Das & Sobhan, 2014).
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A=A, + A 3)
Information:
Ag = area of soil solids in the cross-section of the soil sample

Equation 3 can be substituted into Equation 2 so that its form can be seen in Equation
4 (Das & Sobhan, 2014; Mir, 2021).

_ v(Ay+A4As) _ v(Ay+Ag)L _ v(Vyp+Vs) (4)
S Ay AylL vy

Information:
V, = volume of voids in the soil sample
Vs = volume of soil solids in the soil sample

The form of Equation 4 can also be written in another form, which can be seen in
Equation 5 (Das & Sobhan, 2014; Mir, 2021).

|4
1+(V_Z) 1+e v
vo=vs=v () =] ©)
Vs
Information:
e = void ratio
n = porosity
The derivation of equation (1) (Das & Sobhan, 2014).
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Figure 1. Soil cavity measurement mechanism

The soil permeability coefficient also has a relationship with the properties of the fluid

flowing through it in the form of an equation, which can be seen in Equation 6 (Das &
Sobhan, 2014).

k=Yg (6)
Information:

Y. = unit weight of water
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n = water viscosity
K = absolute permeability

Based on Equation 6, the soil permeability coefficient is a function of unit weight and
water viscosity, which in turn is a function of temperature during testing. Therefore,
Equation 7 is obtained (Das & Sobhan, 2014).

el 0| e 7
kr, N1/ WY (ry)

Information:

kr, kr, = permeability coefficient at temperatures T; dan T,respectively

nr, = viscosity of water at temperatures T; dan T, respectively

Yoy Yoo (1) = unit weight of water at temperatures T; dan T, respectively

In determining the k value, a temperature of 20°C is the standard used. Within the test
temperature range, it can be assumed that the value y,, 1) = Yo (1 Therefore,

Equation 8 (Das & Sobhan, 2014; Head & Epps, 2011; Mir, 2021; Zhang et al., 2020).

k20oc = (T;ZTTCJ Krec (8)
The Constant-head method is one of the standard methods for testing soil
permeability carried out in the laboratory. The Constant-head method is used to test
the permeability coefficient with coarse-grained soil samples. In the Constant-Head
method, the water flow supply at the inlet is adjusted so that the height difference
between the inlet and outlet remains constant during the test. The amount of water
that passes through the sample in a known time is measured (Das & Sobhan, 2014;
Head & Epps, 2011; Mir, 2021; Zhang et al., 2020). The constant-head method testing
tool with general settings can be seen in Figure 2 (Head & Epps, 2011).
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Figure 2. Constant-Head Method Permeability Test
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Design and simulation of permeability measurements using the constant head method
digitally using MATLAB software. Meanwhile, the software uses Equation 12 to get
the soil the soil permeability coefficient value. Permeability test results data consisting
of sensor and stopwatch readings as well as calculation results of soil permeability
coefficient values, then a program to carry out permeability testing by taking the
necessary data digitally. Collected seepage water column data, seepage water
temperature, and water height on the manometer are obtained from sensor readings.
Meanwhile, the stopwatch to obtain time data will use the existing time system on the

laptop.
®

Input parameters Soil test results data
Q,L,and A were obtained
v v
| Soil sample testing j«——— (test result data is<
v stored in the
Input water data for database
calculation from the v

water level sensor The calculation
v results are displayed
| Time calculation | on the website

End

testing has NO
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out 3 times?
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Figure 3. Software Flowchart Next, the simulation to test the performance of
the tool design was used by Simulink in MATLAB.

The amount of water collected in a container can be expressed in the form of Equation
9 (Das & Sobhan, 2014).

Q = Avt = A(ki)t 9)
Information:
Q = amount of water collected
t = length of time for water to collect

The form of the equation to find the permeability coefficient value can be obtained by
looking at Equation 10 (Das & Sobhan, 2014).
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Information:
h = total height of water

L = height of the soil sample in the tube based on Equations 9 and 10, Equations 11
and 12 are obtained (Das & Sobhan, 2014; Head & Epps, 2011; Mir, 2021; Rizaman et
al., 2021; Zhang et al., 2020).

Q=4(k7)t (11)
k=22 (12)

This research begins with observations and interviews with Sultan Mahmud
Badarudin II airport practitioners as sources in the industrial world and literature
studies. Furthermore, the research also interviewed cadets as end users in this
learning. Based on the observations, interviews and literature studies, design constant
head permeability meter digital.

C. Results and Discussion

Results of the schematic design of the tool circuit and design of the digital constant-
head permeameter tool are shown in Figure 4. There are seven level sensors used in
this research. One level sensor function to read the water level in the measuring cup,
which will be a parameter for calculating the volume of water in the measuring cup
shown in Figure 4 (Cloete et al., 2016). There are seven level sensors used in this
research. One level sensor function to read the water level in the measuring cup, which
will be a parameter for calculating the volume of water in the measuring cup (Edaris
& Abdul-Rahman, 2016), and the other six levels in the manometer pipe so that the
hydraulic gradient value can be known. Then, there is a temperature sensor used in
this research, which functions to determine the temperature of seepage water that has
passed through the soil sample. The output of the four-level sensors used is connected
to the analog pin of the microcontroller. In contrast, the temperature sensor used is
connected to the digital pin of the microcontroller. The results of the sensor readings
will be sent to the program on the laptop via microcontroller (Sandra et al., 2017).
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Figure 4. (a) Schematic of tool circuit(b) Tool design

Schematic testing of tools includes testing the series of tools created, including
function verification, sensor, and microcontroller communication. The schematic
testing uses MATLAB simulation. The components used to design this tool are the
level eTape, sensor DS18B20, sensor level XCK-Y25, resistor 4,7 KQ microcontroller
Arduino Uno.

The eTape level sensor produces an analog output namely voltage with a range of 0
Volts to 5 Volts (Vecc) (Parikesit et al., 2019). In the Arduino IDE software serial
monitor, eTape level sensor reading output is shown in the form of Analog to Digital
Converter (ADC) values with a resolution of 10 bits so that the ADC value range
namely 0 to 1023 (Shrenika et al., 2017). Level sensor XKC-Y25-T12V and DS18B20
temperature sensor produce output digital, namely 1 (HIGH) or 0 (LOW). On serial
Arduino IDE software monitor, reading output XKC-Y25-T12V sensor is shown in the
form of values 1 and 0 (Kaczmarek et al., 2020), while for the temperature sensor
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reading output DS18B20 is shown in the form of an existing value converted by the
program to temperature degrees Celsius (Hariono et al., 2021). Results Readings from
each sensor are displayed in serial monitor so the application can receive the results
sensor reading using serial communication method to then carry out data processing
so that soil permeability test can be carried out.

The SIMULINK MATLAB model is validated for the circuit that has been created and
can work without any errors. In this case, SIMULINK is very helpful in validating the
circuit and working of the tool being designed.

The use of media in the learning process aims to be able to take place appropriately
and efficiently to increase student interest and attention (Sugiyanto et al., 2020). Based
on this tool provide beneficial practical experiences in designing, building, and testing
electronic or mechanical devices, while also teaching basic concepts in soil
permeability coefficient (Gomez-del Rio & Rodriguez, 2022). The project-based
learning contributes in-depth and practical experiences in understanding and
implementing, while also improving various skills such as problem-solving, design,
and programming. In addition, this project provides a basic knowledge for further
research in engineering and science (Pan et al., 2021). The focus of problem-based
learning lies in knowledge application while project-based learning, which is based
on the learning science of active construction, emphasizes knowledge construction.
This process of creating new knowledge allows cadets to test and achieve their ideas
in the way they want, which promotes their innovation competence. Thus, it is
necessary to encourage teachers in higher education to adopt project-based
learning(Guo et al.,, 2020). Moreover, the ability of cadets to prepare lecture
presentation material for class meetings with a project-based learning approach
varies, some of which do not even reflect the ideal PjBL. There are still some gaps
between their theoretical thinking and the reality on the ground to realize effective
project-based learning (Danim, 2023).

D. Conclusions

The SIMULINK model for measuring permeability using the constant head method
has been created. The model is based on Darcy's Law Equation and Constant head to
find the permeability coefficient. This equipment design will be the first digital
measuring tool for permeability coefficient using the constant head method. The
design has advantage to measure the soil permeability coefficient at the airport in the
fastest way. Furthermore, these results can be used as project-based leaning media for
the Palembang aviation polytechnic. Moreover, Cadets gain learning in the process of
conducting interviews, design and literature studies which can be seen from the
results and their understanding of the material that has been given.
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