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Abstract: Measurement of the defects (cracks) of clay mixing sodium chloride ‘NaCl’ with consideration
of the temperature variations were measured carefully by the experiment method in the laboratory. Sodium
Chloride ‘NaCl’ concentration varied in range 9.86 - 60.56% according to the temperature range 20 -
200°C. The research results present clear defects (cracks) that appear much more on the body sample with
a large length, width, and depth according to the different temperature variations. Moreover, the Image J
software was used to analyze, calculate, and draw the defect’s shape. In addition, the Unconfined
Compression Test (UCT) described the close relationship between the stress and strain, the displacement
and loads of the clay mixing sodium chloride ‘NaCl’ concentration, loading, and temperature. The
maximum load is compared with the lower loading and the lower clay s resistance. Finally, these research
results are good documents that contributed to the development of design, survey, and construction in
geology and civil engineering to research clay near the coastal areas where clay soils are often affected by
saltwater intrusion.

Keywords: Defect (crack), Clay Mixing Sodium Chloride ‘NaCl’; Temperature variations; Stress and
strain curve; Displacement and load curve

1. Introduction

In recent decades, crack research has been done with clay soil and other soil, particularly by many
methods around the world. However, the research is based on interferometry data from the Ivughli salt
dome in the West Azerbaijan province of Iran. The results show that the faults are related to the cracks
located around the Ivughli salt dome, and this displacement of the folded layers has caused the settlement
of a part of the dome (Alizadeh Akram and Dargahi Khatoon, 2024). The behavior of the electrochemical
erosion of AlysCoCrFeNig4 (HEA) in a high-entropy alloy (HES) in 3.5% NacCl solution was measured.
Results demonstrated that the AlpsCoCrFeNip4 (HEA) is high and results of the surface layer will be created
on the surface HEA (Bo-wei et al., 2024). On the other hand, the research was conducting on the
combination of ferromagnetic components with the support of NaCl-containing cobalt salts. Results of
nanocomposite Co/C materials made in the bandwidth with 6 GHz absorption and minimal reflection loss
over 60 dB (Chuanxin et al., 2023). In addition, a combination of an electric ‘ERI’, the system of the
‘ABEM Tetrameter LS’, and the 2-D Inversion Modeling Software were used to determine the stress cracks.
Results show that the cracks’ depths decreased by up to 30% compared with the actual depths under the
street surface (Colpo et al., 2022). Moreover, the linear dimention finite element method “LDFEM” was
used for the simulation of the clay soil bar curve. The clay soil bar includes 7 grams of clay soil, 7 grams
of cement, and 2 grams of sand. This mixture is shown in the ratio of 7:7:2. The results show that the crack
width ‘B’ and the crack depth ‘W’ are big values (Neyamadpour, 2018). The nonlinear finite element
method (NFEM) was used to calculate the soil cracks' influence on displacement and deformation. The
results show that the crack values are big, and the lengths, widths, and depths appeared remarkably in the
unsaturated soil (Namdar, 2022). Moreover, an experimental model ‘Lysmeter ‘was used to measure the
soil cracks by the experimental method. Results presented that the crack’s deeps are too dry and the big
flows after the soil surface is tight (Greve et al., 2010). Additionally, the research used a tension
‘infiltrometer’ tool to measure the crack of the saturated soil. Results show that a high hydraulic
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conductivity demonstrates a high permeable ability so the big cracks appeared much more between the soil
structures (Ulén et al., 2014). From the above analysis, it is essential to show the defects (cracks) of the
clay soil with the temperature variations. This research sets up a measurement of the soil clay’s cracks on
the sample bodies with the temperature changes from 20°, 40, 60, 105, 120, 150, 180, 200°C, and sodium
chloride (NaCl) components. The relationship between the max loading and displacement is determined
carefully and in combination with the stress and strain curve values with NaCl's different components. The
‘Image J’ software was used to analyze and draw the crack’s shapes. When the increased temperature and
loading make in the clear displacement, strains, stress, and cracks appear much more on the sample bodies.

From the above analysis, it is essential to consider and conclude that the cracks measurement of the
clay soil with the temperature and sodium chloride “NaCl” changing that combined with behavior of
deformation (or strain, displacement) with loading and stress variations is essential to be done urgently.
Especially, the clay soil is located underground where high seawater levels and frequent sea level intrusion,
so this clay soil needs to be researched carefully to give reliable research results for references in geology
and civil engineering design and construction in the future.

3. Methodology
3.1 Materials

The sample’s size shows 50mm of diameter and 30mm of height. The outer and initial area of the soil
sample before the clay sample is placed in the oven and dried at the appropriate temperature. And this soil
sample’s area is calculated as: ©D2/4 = 3.14x50x50 = 1962.5mm?). A sieve of 0.75 micrometer diameter is
used for sieving clay. The liquid limit has an approximate value of WL = 55% compared with the plastic
limit of WP = 50%. Clay soil samples are kept moist after 24 hours. Moisture values are set up in the range
35 - 80%. The clay soil is used at a quantity of 80 grams for each test. Temperature variations are set up
from 20°C to 200°C which includes 20°C, 60, 90, 105, 120, 150, 180, and 200°C by the machines’ support
‘Odometer - temperature machine’. The percentage of sodium chloride (% NaCl) variations changed from
9.86 - 63.64% (Figure 1). 40 samples were collected and signed carefully to avoid confusion between
samples. The ‘Image J’ software was used to draw and analyze the shapes of cracks on the bodies' samples.
This software is supported by the “Laptop 3 Mien” company copyright in Vietnam and version 2024
(https://laptop3mien.vn/tai-imagej-2024-link-google-da-test-100-va-huong-dan-cai-dat-full/).

The cracks’s lengths, widths, and depths are determined by the ruler in the laboratory. The loading
values are set up from 0 N/mm? to 8000 N/mm? to measure the displacement, strain, and stress by the
machines’ support "HEICO-UNCT’ machine (Figure 1). The implementation process includes 16 steps
which are done in the diagram below.

3.1.2 Calibration of machine parameters calculated values

As an example of calibration of machine parameters the sample “S1” with conentration "Mol" of
solution "NaCl" Mnaci = 0.00153 mol is presented. The percentage of solution "NaCl", P% = 47.17%.
Temperature is 105°C. The result of the maximum strain of 0,1277 mm according to the stress is 0,5349
(N/m?). The full implement processes are done from the step 1 to the step 16 (diagram below). The
calibration of machine parameters calculated values are shown in Table 1.
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Step 11: Measure Step 12: Step 13: Put 5 Step 14: Design Step 15: Draw the
the cracks on the Calculate the samples on the the formulas and diagram and show
sample’s body results of the compression calculate the » the results of the
with the ruler. cracks’ length, machine to record results of the cracks and full
width and the results of the displacement, related valnes.
displacement, loading, stress, and
loa@ng, stress, and strain.
strain.
Step 16: Do the same steps one by one from step
1 to step 15 of full data with the temperature and
water, NaCl, loading, variations, and so on.
Tab. 1. Calibration of machine parameters calculated values
Actual Reading from the Strains and Stress
. machine Calibration values
Points of Sample's Area of
displacements *Load height Strain sample Stress
Displacement | Loading | Displacement | Loading N) (mm) (mm) (mm?) (N/mm?)
A B C D E F G H K L
1 6,9200 91,0000 0,0000 0,0000 0,0000 30 0,0000 1962,5000 0,0000
2 7,0800 93,0000 0,1600 2,0000 19,6200 30 0,0053 | 1.962,50000 0,0000
3 7,2500 95,0000 0,3300 4,0000 39,2400 30 0,0110 | 1.962,50000 0,0100
4 7,4500 96,0000 0,5300 5,0000 | 49,0500 30 0,0177 | 1.962,50000 0,0200
5 7,5900 98,0000 0,6700 7,0000 68,6700 30 0,0223 | 1.962,50000 0,0350
20 10,75 198,0000 3,8300 107,000 | 1049,67 30 0,1277 | 1.962,50000 0,5349
24 12,1000 169,0000 5,1800 78,0000 | 765,1800 30 0,1272 | 1.962,50000 0,3899
*Note:

The column D value is according to the column A and line 1 location: The number zero “0” is the
Displacement’s Calibration at the initial location A1 = “6,92 - 6,92”.

The column E value is according to the column A and line 1 location: The number zero “0” at the
Loading’s Calibration at the initial location = “91,00*%9,81”.

The column H value is according to column A and line 1 location: The number zero “0” at the Strain
at the initial location = “Displacement's Calibration/ Sample's height”.

The column K value is according to column A and line 1 Location: Area of sample: “1962,5" =
"3,14*50*50". The sample’s height: H =30 mm. Diameter: d = 50 mm. The sample’s material is made of
copper.

The loading is converted from "kgf" into "Niuton" = "load*9.81"; 1 kPa = 0.01kg/cm?.

192 Journal of the Polish Mineral Engineering Society, No 1(55) 2025, January - June, Volume 2


https://doi.org/10.29227/IM-2025-01-02-017

https://doi.org/10.29227/IM-2025-01-02-017 Received: 30 Oct 2024, Accepted: 04 Apr 2025, Published: 01 Sep 2025

The column L of column A and line 1 location: The number zero “0” at the "Stress" at the initial

location = "Loading's Calibration/Are of sample".
Column A at line 20 is the maximum value of strains and stress.

a) Samples are kept moist after 24 hours

b) Samples are signed to prepare for doing the unconfined

compression test

¢) Temperature - controlled  d) Box controls temperature

chamber

Fig. 1. Samples, machine preparations to do

experiments

3.2 Theoretical basis

The samples are signed carefully to minimize errors and confusion between them. A total of 40
samples were measured with the different water content and %NaCl. The theoretical basis included
formulas and calculations in this research were also used in the literature issue (Thy, 2024a). *Example:

The sample is signed ‘S100311515’ that is explained below:
+ ‘S1’ is centration "Mol" of solution "NaCl" Myaci =0.0031 mol.
+ Number ‘1515’ is the percentage of concentration of solution "NaCl", P% = 15.15%.

3.2.1 Water contents W (1) (Thy, 2024):
W% = [(w)]x 100%

Mdry—Mcup
Whereas, My.:= Mass of the sample at the initial state, gram(g)
Mary = Mass of the sample after 24 hours at 105°C, gram(g)
My = Mass of cups which contains soil, gram(g)

3.2.2 Maximum depth of the cracks (Thy, 2024):
+ Total of solute Mol mass of Sodium Chloride” NaCl”:
Mnac1 = Mna + Mai
+ The number of Mol solute Sodium Chloride “NaCl”:
Mxm = Msait / Maci
+ The number of solutes in water or Concentration "Mol" of Sodium Chloride solution in water:
X = MM/ Myater

+ The Maximum depth of Cracks:
—fx)=¢

Whereas, My, is the specific Mass (Mol mass) of Sodium solute “Na”; gram/mol (g/mol);
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MCI is the specific Mass (Mol mass) of Chloride solute “CI”; gram/mol (g/mol); Mnaci is the total
solute Mol mass of Sodium Chloride” NaCl”; gram/mol (g/mol); Mxw is the number of Mol solute Sodium
Chloride “NaCl; mol; Mg is the mass of Sodium Chloride used actually; grams (g); x is the Concentration
Mol of the solution “NaCl”’; mol; Dmaxcr is the maximum depth of cracks; millimeters (mm); e is the natural
Exponential or the natural Logarithm, this value is rounded to an integer; and dimensionless; f(x) is the
primitive of a function; millimeters (mm).

3.2.3 Maximum length of the cracks (Thy, 2024)

The maximum length of the cracks was calculated for the total solute Mol mass of Sodium Chloride”
NaCl” (see formula 2 in the section of the maximum crack depths).

+ The number of Mol solute Sodium Chloride “NaCl” was calculated with the formula:

Y = Mait / Mnaci (6)
+ The number of solutes in water or Concentration "Mol" of Sodium Chloride solution in water:
A=¥*x @)
+ The maximum length of Cracks:
Lmaxer = C + €4 = f(A) = (8)

Whereas, ¥ is the number of Mol solute Sodium Chloride “NaCl”; mol. Msa is the mass of Sodium
Chloride used actually; gram (g); A is the number of solutes in water or Concentration "Mol" of Sodium
Chloride solution in water; mol; C is the experiment value, “constant”; C = 155; millimeter (mm); f(A) is
the primitive of a function; dimensionless; e is the natural exponential or the natural logarithm, this value
is rounded to an integer; dimensionless; Lmaxcr iS the maximum length of cracks; millimeter (mm).

4. Results

4.1 Results of the defects (cracks) on the sample’s bodies at the temperature and NaCl concentration
variations.

The sample S28.21 at 60°C and 105°C temperature after 24 hours with the sodium chloride
concentration ‘NaCl’ shows many cracks that developed the width and extended the length near the body's
bottom, compared with smaller cracks that appear in the middle of the sample bodies. However, the closer
to the top of the sample surface, the less cracks appear. It is easier to see clearly that S36.23 at 105°C
temperature, the increase of the sodium chloride ‘NaCl’ is 36.23% resulting in the cracks appearing less.
Moreover, on the sample’s surface, the sodium chloride concentration ‘NaCl’ shows uneven expression.
The salt crystals precipitated into white crystalline masses and formed pure white patches. Otherwise, in
sample S23.40 at 90°C and a salt content of 23.40%, the phenomenon of salt crystals forming on the surface
no longer appeared much, but these salt crystals mixed with soil particles appeared more around the sample
body. Furthermore, as the temperature increased (150°C) along with the salt content of sample S50.68, the
cracks appeared more and more larger. On the contrary, sample S54.43 clearly showed fewer cracks when
the temperature increased to 180°C corresponding to the salt content of 54.43%. Moreover, sample S10.20
at 200°C presents an interaction between salt molecules and soil particles the salt crystals dissolve evenly
and blend, hiding deep into the clay molecules when the water content increases and the salt content also
increases. The cracks are almost small and do not appear on the entire surface of the sample body, which
also proves that when the salt content is high, the ability to prevent cracks is high, the salt crystals have
filled many pores in the soil, creating a tight bond between soil molecules, hindering the movement between
particles in the pores. Therefore, the soil with a tighter bond between the salt crystals and soil particles
occurred during full creation process.

4.2 Results of the crack's length, width, and depths at the temperature and NaCl concentration variations.

The crack length varies from 52.00mm; to 63.00mm; 180.00mm; and 40.00mm corresponding to the
temperature changes at 20°C; 60°C; 120°C; and 200°C. In contrast, the crack length equals 156.30mm at
90°C; 105°C; 150°C; and 180°C. In addition, the crack width reaches its maximum at different temperature:
from 20°C to 200°C. Compared with the crack length and width, the depth has a relatively small variation
of 12mm at the temperature of 20°C and 60°C; and reaches 10mm at the temperature of 1800C and 2000C;
reaching the value of 30mm; 50mm; 18mm; and 15mm corresponds to temperatures 90°C; 105°C; 120°C;
and 150°C. The crack shapes on the sample body are shown in Fig 2.
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S50.68 (150°C after 24 hours) S54.43 (180°C after 24 hours) S10.20 (200°C after 24 hours)

Fig. 2. Crack shapes on the sample body

However, the swell and compaction test of the clay (black cotton soil) was determined particularly
when soil mixed with fly ash, polypropylene, and water content was from 10%, 20%; 30%, and 40%. The
results describe the crack changes according to the decreasing water content (Miller et al., 2004). An
experimental method with the microbial calcite precipitation (MICP) was used by the sprayed deionized
water (W), bacteria action (B), and cement concentration (BC). The results show that the camera and
microscope support for the crack width changes from Omm to 2.2mm (Liu et al., 2020). In addition, a
compaction Test (ASTMD-2487, 2017) was done with water content from 12.5%, 16.5%, and 20.5% at
temperatures 30 & 2°C and 45 + 5%. The results of the crack’s surface are smaller than the length when the
loading value is 1700 kg/m? (Tian et al., 2022). Moreover, the crack’s length accounts for equation (1) =
An/(n.Al), where n is the total number of crack segments, and An is the number of crack segments whose
length ranges between Al (Tang et al., 2008). However, results show that the length of cracks is determined
with the formula:

Ler = A (Moren + V 2Ngiag

whereas, L. crack length, norm and ngiag respectively represent the numbers of orthogonal and diagonal links
between neighboring skeletal pixels, A, is the conversion scaling that transforms pixel length to actual
length (Wang et al., (2017).

Relationships between cracks, sodium chloride, moisture, and temperature changes from 20°C to
200°C of the samples from S1 to S8 are shown in Fig. 3.
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Relationship between the cracks, sodium chloride, moisture, and temperature changes
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Fig. 3. Relationship between cracks, sodium chloride, moisture, and temperature changes from
20°C to 200°C of the samples from S1 to S8.

On the other hand, the results of the cracks are big and longer with the higher temperature, and the
lower cracks with the lower temperature (Rashmisikha and Das, 2022). Moreover, the electrical resistivity
method has been used to measure the sample’s cracks at the initial water content of 50.5%. Results of the
cracks are not opened fully up yet time t = 87.0h (Tang et al., (2018). The ratio of the straw is mixed with
the soil from 0.5 cm/cm?® and 1.0 cm/cm?. The water content of 43% clay (< 0.002 mm), 32% silt (0.002
mm — 0.02 mm), and 25% sand (=0.02 mm) at the depth of 0-20 cm, the results of the crack’s width
decreased as the straw’s density increased (Wang et al., 2018).

4.3 Relationship between stress and strain

The Unconfined Compression Test (UCT) measured the relationship between the stress and strain at
the different loads and temperatures. In the first stage, the stress increase when increasing the strain is clear
at 20°C, 60°C, 90°C, and 105°C temperatures, which is shown in Figs 4 to 7.

STRESS AND STRAIN CURVE (20°C)

&E\ 0.6
515,15
= 0.5 4
S s §13.51
< 04 — 1220
< 03 - c—511.11
@ o, s $10.20
L
¥ 0.1 -
|_
U) 0 = T T T T
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
STRAIN, A

Fig. 4. Relationship between stress and strain (20°C)
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STRESS AND STRAIN CURVE (60°C)
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Fig. 5. Relationship between stress and strain (60°C)
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Fig. 6. Relationship between stress and strain (90°C)

STRESS AND STRAIN CURVE (105°C)
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Fig. 7. Relationship between stress and strain (105°C)

In the second stage, the temperature and sodium chloride ‘NaCl’ concentration increases gradually
from 120°C, 150°C, 180°C to 200°C (Figs 8 to 11). The results show that the maximum stress reached 1.403
N/mm? at 180°C temperature; whereas the maximum strain reached 0.51 millimeters at 150°C temperature.
However, the results in the crack extensions of the lowest values of displacement and strain of the clay soil

(Namdar, 2022).
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Fig. 8. Relationship between stress and strain (120°C)
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Fig. 9. Relationship between stress and strain (150°C)
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Fig. 10. Relationship between stress and strain (180°C)

Journal of the Polish Mineral Engineering Society, No 1(55) 2025, January - June, Volume 2


https://doi.org/10.29227/IM-2025-01-02-017

https.//doi.org/10.29227/IM-2025-01-02-017 Received: 30 Oct 2024, Accepted: 04 Apr 2025, Published: 01 Sep 2025

STRESS AND STRAIN CURVE (200°C)
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Fig. 11. Relationship between stress and strain (200°C)

4.4 Results of the relationship between loading and displacement at the different temperature variations

The mechanism of load and displacement is inseparable and has a continuous relationship. When the
load increases, the displacement of the sample will also increase. The result has caused cracks on the surface
of the sample body and the sample has been destroyed. Sample S15.15 corresponding to NaCl content of
15.15% at a temperature of 20°C has a maximum displacement of 7.74 (mm) corresponding to a maximum
load of 686.7 (N), which is shown in Fig. 12; other values included S13.51; S12.20; S11.11; S10.20 with
the maximum displacement 6.81(mm); 8.15 (mm); 7.35 (mm); 6.01 (mm); maximum loads of 824.04 (N);
941.76 (N); 1020.24 (N); 922.14 (N). Moreover, sample S28.21 with NaCl content of 28.21% at a
temperature of 60°C has a maximum displacement of 5.94 (mm) with a maximum load of 6523.65 (N),
which is shown in Fig. 13; other values account for S25.58; S23.40; S24.57; S20.00 with the maximum
displacement 6.05(mm); 6.51 (mm); 6.04 (mm); 5.28 (mm); maximum loads of 4286.97 (N); 5032.53 (N);
6405.93 (N); 7720.47 (N). However, the big lateral displacement at 4.90m depth is 45 cm (Chu and Yan,
2005). The soft clay and the average area ratio of lateral movement to vertical loading were in the range of
1-2% (Moh and Lin, 2005). However, the lateral displacement of 10m depth at the center of the site for 200
days is 200 mm (Qian et al., 1992). The maximum value of displacement toward the external surcharge
obtained 170mm at 8m depth under the surface ground (Song and Kim,2004). On the other hand, sample
S39.13 corresponding to NaCl content of 39.13% at a temperature of 90°C has a maximum displacement
of 8.92 (mm) with a maximum load of 1294.92 (N); other values show S36.00; S33.33; S31.03; S29.03
with the maximum displacement 4.1(mm); 6.48 (mm); 4.95 (mm); 6.14 (mm); loads of 1608.84 (N); 1373.4
(N); 490.5 (N); 902.52 (N).

Relationship between loading and displacement (at 20°C)
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Fig. 12. Relationship between loading and displacement at 20°C
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Relationship between loading and displacement (at 60°C)
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Fig. 13. Relationship between the loading and displacement (at 60°C)

Finite element modeling was used to measure the displacement of the weathering crust from Om to
2m. The results showed that the horizontal displacement from the center towards the toe is big (Indraratna
et al., 2005). Furthermore, Sample S47.17 corresponding to NaCl content of 47.17% at a temperature of
105°C has a maximum displacement of 3.83 mm with a maximum load of 1049.67 (N); other values show
S43.86; S40.98; S38.46; S36.23 with the maximum displacement 5.59(mm); 3.73 (mm); 5.17 (mm); 6.22
(mm); with maximum loads of 1402.83 (N); 539.55 (N); 902.52 (N); 608.22 (N).

Relationship bewteen loading and displacement (at 90°C)
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Fig.14. Relationship between the loading and displacement (at 90°C )

However, a preloading clayey deposit by vacuum pressure method with a cap-drain shew the inward
lateral displacement obtained 0.5m at 26m depth (Chai et al., 2007). In addition, Sample S52.54
corresponding to NaCl content of 52.54% at a temperature of 120°C has a maximum displacement of 10.14
(mm) corresponding to a maximum load of 971.19 (N); other values show S49.21; S46.27; S43.66; S41.33
with the maximum displacement 4.62 (mm); 8.06 (mm); 7.17 (mm); 6.9 (mm); with maximum loads of
961.38 (N); 1206.63 (N); 225.63 (N); 235.44 (N). However, a modal of the vacuum-drain consolidation
was used to measure the pressure distribution and ground lateral displacement. Results show the lateral
displacement &, = 0.25m at -17.5 m depth (Chai et al.,, 2010);The soft ground was measured by a
combination loading method without an airtight. Results demonstrate that the maximum inward lateral
displacement is 500 mm (Long et al. 2015). The vertical displacement of the sub-layer 2 (4.70-6.15 m) with
time in the central part of the Embankments reaches 7% and 4.8% (Marques and Leroueil, 2005). Results
presented that there is no horizontal displacement and vertical displacement is small (Saowapakpiboon et
al., 2010). In contrast, sample S56.92 corresponding to NaCl content of 56.92% at a temperature of 150°C
has a maximum displacement of 14.86 (mm) corresponding to a maximum load of 863.28 (N); other values
present S53.62; S50.68; S48.05; S45.68 with the maximum displacement 5.0 (mm); 1.91 (mm); 9.81 (mm);
8.7 (mm); corresponding to maximum loads of 304.11 (N); 255.06 (N); 480.69 (N); 255.63 (N). However,
the simulation results show that the vertical displacement is close to the reality measurement data (Shibata
et al., 2014). On the contrary, sample S60.56 corresponding to NaCl content of 60.56% at a temperature of
180°C has a maximum displacement of 5.63 (mm) corresponding to a maximum load of 2746.8 (N); other
values present S57.33; S54.43; S51.81; S49.43 with the maximum displacement 14.74 (mm); 8.11 (mm);
8.22 (mm); 6.37 (mm); corresponding to maximum loads of 892.71 (N); 372.78 (N); 255.06 (N); 68.67 (N).

200 Journal of the Polish Mineral Engineering Society, No 1(55) 2025, January - June, Volume 2


https://doi.org/10.29227/IM-2025-01-02-017

https.//doi.org/10.29227/IM-2025-01-02-017 Received: 30 Oct 2024, Accepted: 04 Apr 2025, Published: 01 Sep 2025

Relationship between loading and displacement (at 105°C)
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Fig.15. Relationship between loading and displacement (at 105°C)
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Fig. 17. Relationship between loading and displacement (at 150°C)

However, observation of the soft clay foundation displacements described the lateral displacement
decreased with the loading increase by the vertical draining systems (Indraratna et al., 2015). An air-water
separation system with a high pressure for vacuum consolidation was used to investigate the maximum
lateral displacement. Results presented that the depth value was about 10m where the tip of the sheet piles
was located (Teerachaikulpanich and Kosaka, 2015).
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Relationship betwwen loading and displacement (at 180°C)

3000
2500 A e=@==560.56 emillm=S57.33 emmpum—S54.43
2000 ~ e 551.8]  emmbem—S49.43

LOADING, R (N/mm2)

16

DISPLACEMENT, y (mm)

Fig. 18. Relationship between loading and displacement (at 180°C)

Finally, sample S51.52 corresponding to NaCl content of 51.52% at a temperature of 200°C has a
maximum displacement of 3.22 (mm) corresponding to a maximum load of 176.58 (N); other values present
S49.51; S47.66; S45.95; S44.35 with the maximum displacement 0.61 (mm); 7.54 (mm); 2.34 (mm); 2.51
(mm); corresponding to maximum loads of 117.72 (N); 284.49 (N); 235.44 (N); 196.2 (N). However, results
presented no horizontal displacement at 45m depth (Nguyen et al., 2015). Soft ground improvement by
pneumatic fracturing method was done to survey the lateral displacement. Results show a slightly smaller
displacement than the faster compression loading (Songyu et al., 2016).

Relationship between loading and displacement (at 200°C)
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Fig. 19. Relationship between loading and displacement (at 200°C)

4.5 Results of the relationship between the maximum loading and the maximum resistance at sodium
chloride ‘NaCl’ variations

The mechanism of load and maximum resistance is an inseparable and shows continuous relationship.
When the load is small, sample S11.11 corresponding to NaCl content of 11.11% at a temperature of 20°C
has a load resistance of 0.52 (N/mm?) corresponding to a maximum load of 1020.24 (N); other values have
a resistance of 3.93 (N/mm?); 0.82 (N/mm?); 0.71 (N/mm?); 0.61 (N/mm?); 0.44 (N/mm?); 1.403 (N/mm?);
0.14 (N/mm?); corresponding to maximum loads of 7720.47 (N); 1608.84 (N); 1402.83 (N); 1206.63 (N);
863.28 (N); 2746.8 (N); 284.49 (N) at temperatures of 60°C; 90°C; 105°C; 120°C; 150°C; 180°C; and 200°C.
However, (Thy, 2024a) presents the results show the maximum shear resistance tmax = 150.7 kN/m? at depth
4.3 m; Tmax = 159.7 kN/m? at depth 7.0 m; Tmax = 192.6 kG/cm? at depth 18.0 m; Tmax = 219.4 kN/m? at depth
27.0 m; Tmax = 229.2 kKN/m? at depth 30.3 m; Tmax = 257.9 kN/m? at depth 39.6 m. Moreover, the other
research describes the relationship between shear resistance (t) and depths (D). Results present the shear
resistance change in the smallest values by water content containing much more than in the pore holes (Thy,
2024). Finite element method (Plaxis 3D software) and Unconfined Compression Test were used to evaluate
the vertical displacement of the soft ground with marine clay ground behaviors under rigid displacementd
foundation. Results described clearly the vertical displacement of the ground obtains the maximum value
=0.1133 m at 30m depth (Thy, 2024, 2022).
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Relationship between maximum loading and maximum resistance
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Fig. 20. The maximum load is compared with the lower loading and the lower of Clay’s resistance (at
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Fig. 21. The maximum load is compared with the lower loading and the lower of Clay’s resistance (at
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5. Discussion

Cracks evaluation on the specimen body of clay has been evaluated particularly with water content,
salt content, temperature, and compressive load variations. Load increases, the displacement, stress, and
resistance will change significantly. However, the displacement increased significantly as the distance from
the measured point to the test platform decreased (Acosta et al., 2016). The Z-shape of the natural soil with
vacuum loading and drain system was done in particular. Results presented the big displacement and
deformation as the loading increased (Cai et al., 2017). The Queensland experience is based on the vacuum
pressure with the marine clay. The results of the lateral displacement shows from 0.6m to 1.6m and 2.5m
depth (Indraratna et al., 2018). On the other hand, the results show the maximum horizontal displacement
after one year is 126 mm at a depth of 3.2 m below the ground surface (Indraratna et al., 2016). Experimental
evaluation of marine clay slurry was measured by electro-osmosis-vacuum preloading method. The heating
affection on the soft deposit behavior was done which effects remarkably the vertical displacement (Wang
et al., 2016). The maximum displacement appeared along the slip plane at 8m depth. Results show the
potential slip plane through fully of the soil surface and this displacement is a little small (Zhang et al.,
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2017). In a case study in coastal China, research on the displacement of the soil ground was done to evaluate
the maximum lateral displacement at the ground surface, which obtained 160mm after 150 days (Zhu et al.,
2018). An experimental test in the laboratory with the clay-mixed kaolinite using electro-kinetic geo-
synthetics and electro-osmotic consolidation combined with vacuum preloading. Results showed that the
maximum lateral displacement reached 33mm (Zhang L and Hu, 2018). The dredged fill was done to control
the displacement. The influence of the clogging of the dredged to the lateral displacement and uneven
reinforcement forms a dense zone (Xu et al., 2020).

6. Conclusion

Research on the defects (cracks) of clay mixing Sodium Chloride ‘NaCl” was done to measure the
stress, strain, resistance, and displacement with loading variations. Temperatures were used from 20°C to
200°C. Sodium Chloride ‘NaCl’ concentration varied from 10.20% to 60.56%. The research results
describe clear defects (cracks) where they appear much more on the body sample. The sodium chloride
‘NaCl’ concentration has many results in preventing the crack from appearing. Moreover, the increasing
the loading and the temperature, the displacement, stress, strains, and resistances increased respectively.
Finally, these research results are useful to refer to such surveys, design, and construction in geology and
civil engineering whereas marine original clay soils are often affected by salt concentration.
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