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Simultaneous determination

of soil-water characteristic and
shrinkage curves of consolidated
kaolin under continuous and
discrete drying procedures
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Soil-water characteristic curve (SWCC) and shrinkage curve are essential information required for
analyzing the behaviors and properties of unsaturated soils. This study proposes a new method for
simultaneous measurement of SWCC and shrinkage curve of a “single” soil specimen. The validation

of the method was carried out using kaolin specimens prepared at low levels of consolidation
pressures. The changes in void ratio, gravimetric water content, and soil suction of the specimen under
continuous or discrete drying procedures were measured using the vernier caliper, the balance, and
the osmotic tensiometer, respectively. The results show that the shrinkage curves of all specimens are
almost the same regardless of their different initial gravimetric water contents and initial void ratios.
However, the obtained gravimetric water content SWCC (SWCC- w) in the lower suction range was
related to the initial gravimetric water content of the specimen. In contrast, the degree of saturation
SWCC (SWCC- S) of all specimens were almost the same and the air-entry values of different specimens
were shown to be quite close. The results indicate that continuous drying procedures would not cause
obvious differences in the measured SWCC as well as shrinkage curve compared with the discrete
drying procedures. The relationship between the void ratio and soil suction of the specimens shows
that the void ratio has a rapid decrease in the lower suction range and reaches the minimum value
when the soil suction is about 300 kPa. The proposed method would shorten the time for obtaining the
properties of unsaturated soils and would benefit the related analyses.

Keywords Soil-water characteristic curve, Shrinkage curve, Consolidated kaolin, Continuous and discrete
drying, Osmotic tensiometer, Void ratio — suction relationship

Soil-water characteristic curve (SWCC) correlates the water content of an unsaturated soil to its soil suction,
which is necessary for the study of the behaviors and properties of unsaturated soils such as their permeability,
shear strength, and deformation!-3. The water content of an unsaturated soil can be expressed as gravimetric
water content (w), volumetric water content (6 ), and degree of saturation (.S). Thus, various types of SWCC
can be deployed for different purposes. The gravimetric water content SWCC (SWCC- w) is the most common
type and it describes the mass ratio of water to soil solid at different levels of soil suction, which indicates the
water retention capacity of the soil. The volumetric water content SWCC (SWCC- 6 ) describes the volume ratio
of water to the total soil volume at different levels of soil suction. The determination of SWCC- 6 requires the soil
shrinkage measurement and this type of SWCC is widely used to simulate the transient seepage in unsaturated
zones™>. The degree of saturation SWCC (SWCC- S) describes the volume ratio of water to the pore volume
within the soil at different levels of soil suction. SWCC- S also requires the soil shrinkage measurement and it
is the most suitable SWCC for the determination of air-entry value (AEV) and estimation of other unsaturated
soil properties!6-8,
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Among various types of SWCC, the SWCC- w is the easiest to be measured through many techniques such
as centrifuge method, Tempe cell, pressure plate, osmotic control method, filter paper, and WP4C dewpoint
potentiometer! %712, A complete SWCC over the full suction range is usually determined by combining
several of the above-mentioned techniques due to the limited measuring ranges of each technique. The Tempe
cell is installed with a 1-bar ceramic disk and it is usually used to measure the SWCC within 100 kPa suction
range. The pressure plate is commonly utilized for SWCC measurement in the suction range below 1500 kPa
but the procedure is time-consuming because the low permeable ceramic disk of the pressure plate prolongs
the time for equilibrium of the soil specimen under the controlled suction!!*!4. The centrifuge method is much
faster than the pressure plate and it can measure SWCC up to several hundreds of kPa, depending on the set-up
and maximum rotation rate of the machine!*!°. The SWCC in high suction range (i.e., higher than 1500 kPa) is
usually measured based on the osmotic control method or using the WP4C dewpoint potentiometer!®!”. Finally,
the complete SWCC- w over the full suction range can be obtained by plotting the gravimetric water contents
against their corresponding soil suctions after combining the data points from various techniques. The soil
shrinkage curve is required when determining the SWCC- § and SWCC- S from the SWCC- w. The shrinkage
curve describes the relationship between the void ratio (e) and the gravimetric water content (w) when the
soil shrinks in an unsaturated state. To determine the soil shrinkage curve, the change in the volume of the
soil specimen when it shrinks is measured so that the specimen’s void ratio can be calculated®!”!8, Commonly
adopted instruments/methods to measure the volume of the specimen include vernier caliper, 3D scanner, liquid
submerging method, and photogrammetry method. Based on the shrinkage curve, the volumetric water content
and degree of saturation can be converted from the gravimetric water content.

Usually, the measurement of soil-water characteristic and shrinkage curves was conducted individually,
so more than one soil specimen was required for the determination of these two curves. Even though some
“identical” specimens were prepared carefully for the measurement, the inadequate combination and/or
careless interpretation of the results may still exist and cause further issues when analyzing the unsaturated soil
properties'3-2. Therefore, a new method that is capable of simultaneously measuring the soil mass, volume, and
soil suction of a “single” specimen is required to improve the accuracy and reliability of the measuring results.
The soil suction is the most difficult to measure among the three variables. Previous researchers have developed
new high-capacity tensiometers (HCTs) with soil suction measuring range exceeding 1500 kPa and designed new
set-ups by incorporating the HCT in the measurement of the SWCC and shrinkage curves simultaneously!820:21,
However, the water cavitation issues inside the chamber of HCTs may occur and cause inaccuracy in soil suction
measurement, which requires special attentions and operations when using this type of instrument?>-2%, The
experimental results of three types of SWCCs obtained from their new set-ups were not discussed in detail and
the relationship between the void ratio and the soil suction were not analyzed.

In this study, kaolin specimens were prepared at different consolidation pressures and used to evaluate the
proposed method of simultaneous determination of the soil-water characteristic and shrinkage curves using
a “single” kaolin specimen. The “single” kaolin specimen was dried under continuous drying procedures or
discrete drying procedures. Meanwhile, the specimen’s suction, volume, and mass were measured using the
osmotic tensiometer (OT), vernier caliper, and electronic balance in sequence at a time interval of about 12—
24 h. The obtained SWCC- w, SWCC- § , SWCC- S, and soil shrinkage curve of each specimen were compared
to analyze the effects of two drying procedures and consolidation pressures on the shape of the curves and the
properties of the kaolin specimens. The results validate the accuracy and reliability of the proposed method for
the quick determination of soil-water characteristic and shrinkage curves.

Experiments

Preparation of kaolin soil specimens

The index properties of the kaolin used in this study are presented in Table 1. To prepare the soil specimen, the
dried kaolin was first mixed uniformly with water at a water content of 80%. The mixed kaolin showed a slurry
state at this level of water content.

The mixed kaolin soil was placed in a consolidation ring (63.5 mm in diameter and 19 mm in height) in an
oedometer cell. Following ASTM D2435/D2435M (2011)%, different types of kaolin specimens were consolidated
by applying different vertical pressure levels of 35.3, 70.6, and 141.2 kPa?"°. For each level of vertical pressure,
two kaolin specimens were prepared. After the consolidation, the kaolin specimens were disassembled from the
oedometer cell. It can be observed that the height of the kaolin specimens was less than the height of the ring due
to the consolidation. The initial mass and volume of the kaolin specimens were recorded for the calculation of
their initial gravimetric water content and void ratio. The kaolin specimens were then dried under atmospheric
conditions following different drying procedures for the simultaneous determination of soil-water characteristic
and shrinkage curves as shown in Fig. 1. The preparation details of kaolin specimens and their drying procedures
when measuring the two curves are presented in Table 2.

Specific gravity 2.64

Fines (%) 100
Liquid limit (%) 67
Plastic limit (%) 45

Plasticity index (%) | 23

Table 1. Index properties of the kaolin used in this study.
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Fig. 1. Prepared kaolin specimens following different drying procedures for simultaneous determination of
their soil-water characteristic and shrinkage curves.

K1-CD 353 58.5 1.55 Continuous drying (CD)
K1-DD 353 59.9 1.58 Discrete drying (DD)
K2-CD 70.6 57.7 1.53 Continuous drying (CD)
K2-DD 70.6 57.6 1.52 Discrete drying (DD)
K3-CD 141.2 53.5 1.42 Continuous drying (CD)
K3-DD 141.2 55.6 1.48 Discrete drying (DD)

Table 2. Details of prepared kaolin specimens and their drying procedures to measure soil-water characteristic
and shrinkage curves.

Measurement of soil-water characteristic and shrinkage curves of kaolin specimens

In this study, the kaolin specimens prepared at different levels of consolidation pressures as listed in Table 2 were
dried under normal atmospheric conditions following continuous or discrete drying procedures. Meanwhile,
the mass, dimension, and soil suction of the specimen were recorded for the determination of soil-water
characteristic and shrinkage curves. The changes in the mass and the dimensions of the kaolin specimens
were recorded using the balance and the vernier caliper, respectively®. When using the caliper to measure the
dimensions of the specimen, four measurements were taken at different directions of the specimen to obtain the
averaged diameter and height of the specimen®. The measurement of mass and volume can be finished within
several minutes. The soil suction of the kaolin specimens was measured using the osmotic tensiometer (OT)
as shown in Fig. 2. The OT was filled with cross-linked polyacrylamide and had a suction measuring range of
1500 kPa'®?’. Besides, a high-quality pressure transducer with high precision and fast response was used to
prepare the OT to ensure the accuracy of suction measurement in low suction range. The suction of the kaolin
specimen was measured by placing the OT in direct contact with the upper surface of the specimen following
the measuring procedures proposed by previous researchers®!®. In this study, the soil suction measurement
was ensured to be completed within one hour to avoid the interruption on the drying procedures of kaolin
specimens. For soil suction measurement using the OT, the soil specimen was sealed with the plastic film to
avoid the moisture loss of soil-water from the kaolin specimen as well as the possible change in suction.

As shown in Fig. 3, for the kaolin specimens under continuous drying (CD) procedures (i.e., K1-CD, K2-CD,
and K3-CD), the specimen was exposed to the air and the soil-water of the kaolin specimen was left to evaporate
from its surface continuously. During the process of water evaporation, the soil suction, volume, and mass of the
specimen were measured at a time interval of about 12-24 h. When the soil suction of the specimen was reaching
the measuring limit of the OT (i.e., 1500 kPa), the specimen was divided into several pieces: some pieces were
completely dried in the oven to determine the gravimetric water content while the others were placed in the
containers for the measurement of SWCC in higher suction range using the WP4C dewpoint potentiometer>!6.

In Fig. 3, for the kaolin specimens under discrete drying (DD) procedures (i.e., K1-DD, K2-DD, and K3-
DD), to avoid the possible non-uniform distribution of pore-water from the surface to the core of the specimen
caused by the air-drying, the specimen was exposed in the air for about 12 h every time and then sealed with the
plastic film for 12 h (i.e., discrete drying) to ensure water equalization or uniform pore-water distribution within
the specimen before measuring the three variables??’. Apart from the additional water equalization during the
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Fig. 2. The osmotic tensiometer (OT) used for fast soil suction measurement.
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Fig. 3. Schematic description of kaolin specimens under continuous and discrete drying procedures and
measurement process using O, vernier caliper, and electronic balance.

discrete drying procedures, the procedures used for the measurement of mass, volume, and soil suction of the
specimens were the same as those for the specimens under CD procedures. However, due to the time required
for the water equalization within the specimen, the completion of SWCC and shrinkage curves measurement of
the specimen under DD procedures was longer than the specimen under CD procedures.

Best-fitting of soil-water characteristic and shrinkage curves of kaolin specimens

After the completion of SWCC and shrinkage curve measurements of all specimens, the data comprising the
gravimetric water content, soil suction, and void ratio of the “single” kaolin specimen were obtained. The void
ratio of the specimen was first plotted against its gravimetric water content and best fitted using Eq. (1) to
determine the shrinkage curve'.

1

+1)°" (1)

Csh
e = aSh(—bSthh

Scientific Reports|  (2025) 15:40042 | https://doi.org/10.1038/s41598-025-23981-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

where e is the void ratio; w is the gravimetric water content; asn, bsn, and csp are three fitting parameters
representing the minimum void ratio, the slope of the line of tangency, and the curvature of the shrinkage curve,
respectively.

The SWCC- w of the specimen can be plotted directly while the SWCC- 6 and SWCC- S were plotted
after transforming the gravimetric water content of the specimen into volumetric water content and degree of
saturation using Eq. (2) and Eq. (3), respectively'.

wGs

9:1+6 @

where 6 is the volumetric water content; w is the gravimetric water content; G is the specific gravity of the
kaolin specimen; and e is the void ratio.

©)

where S is the degree of saturation; w is the gravimetric water content; G is the specific gravity of the kaolin
specimen; and e is the void ratio.

After plotting the degree of saturation against the soil suction of the kaolin specimens, the data were best
fitted using Fredlund-Xing equation shown in Eq. (4) to determine the SWCC- S of the specimens. The air-
entry values (AEV) of the kaolin specimens were obtained from the best-fitted SWCC- S curve#28,

In(1+ ;=)
In(1+ 1)
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where S (1) is the best fitted degree of saturation at the soil suction of v ; C (¢ ) is the correction factor; ) ,.
is a parameter related to residual suction; and a, n, m are three fitting parameters.

S@)=C =[1- ] (4)

Results and discussion

Shrinkage curves of kaolin specimens

The soil shrinkage curves of all kaolin specimens under different drying procedures are presented in Fig. 4. For
specimens with the same vertical consolidation pressure, the results show that the specimens under continuous
and discrete drying procedures had the same trend of shrinkage. Therefore, the data points from both drying
procedures were combined together for the best-fitting of shrinkage curve based on Eq. (1). Figure 4 and Table 2
also show that kaolin specimens prepared at higher consolidation pressures had lower initial gravimetric water
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Fig. 4. Shrinkage curves of consolidated kaolin specimens: (a) Shrinkage curve of kaolin specimens prepared
at consolidation pressure of 35.3 kPa; (b) Shrinkage curve of kaolin specimens prepared at consolidation
pressure of 70.6 kPa; (c) Shrinkage curve of kaolin specimens prepared at consolidation pressure of 141.2 kPa;
(d) Summary of shrinkage curves of all kaolin specimens.
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contents and lower initial void ratios. The values of a, obtained from the best-fitted shrinkage curves also show
that the minimum void ratios of kaolin specimens under different consolidation pressures are quite similar with
the variance less than 0.02. This result is similar with the previous research on the shrinkage curve of kaolin,
which proves that different drying procedures would not cause significant difference in the shrinkage curve
for the same type of soils®. All the kaolin specimens were fully saturated and had the same initial degrees of
saturation (i.e., 100%) so that all the curves fall on an identical saturation line. The summary of shrinkage curves
of kaolin specimens shown in Fig. 4d indicates that the consolidation process would not affect the complete
shrinkage curve of soil specimens, regardless of their different initial gravimetric water content and initial void
ratio caused by different levels of consolidation pressures.

Changes in the water content of kaolin specimens with time

All the kaolin specimens under the continuous drying procedure (i.e., K1-CD, K2-CD, and K3-CD) were
dried at the same time and the same laboratory environment. The changes in the gravimetric water content
of these kaolin specimens are plotted against time in Fig. 5. It shows that the gravimetric water content of all
the specimens decreased with time almost linearly. Because the applied vertical pressure on these consolidated
specimens increased from K1-CD to K3-CD, the initial gravimetric water content of these specimens decreased
from K1-CD to K3-CD. The gradient of the fitting curves describes the rate of gravimetric water content change
of the specimens. It shows that the specimen with a higher initial gravimetric water content (i.e., K1-CD) has
a relatively higher rate of water content change (0.4504%/h). This may be explained by the surface area of the
specimen exposed to air during the continuous drying procedure: the specimen prepared at a lower consolidation
pressure (i.e., K1-CD) has a relatively larger volume and larger surface area, resulting in faster evaporation of
soil-water as reflected by the higher rate of water content change.

It can also be seen from Fig. 5 that the gravimetric water content of all specimens under the continuous drying
procedure were below 5% after the 5-day (i.e., 120 h) of air-drying, indicating that the SWCC and shrinkage
curve measurement can be completed within one week. Compared with conventional methods (e.g., pressure
plate and filter paper) that require lengthy equilibrium process during SWCC measurement, the proposed
method is much faster for measuring the SWCC and shrinkage curve'*.

Based on the parameters of best-fitted shrinkage curves shown in Fig. 4, the changes in the volumetric water
content and the degree of saturation of the kaolin specimens are plotted against time in Fig. 6a,b respectively.
The results show that the changes in the volumetric water content and the degree of saturation of the specimens
did not follow a linear trend, especially in the beginning of the observation period, compared with the linear
changes in the gravimetric water content as presented in Fig. 5. This agrees well with the shrinkage process
of the specimens where the specimen shrinks as its gravimetric water content decreases continuously until a
minimum void ratio of the specimen is reached as shown in Fig. 4. When the gravimetric water content of the
kaolin specimen was about 30%, the shrinkage limit of kaolin specimens was reached. After that, its volumetric
water content and degree of saturation started to show a linear relationship with its gravimetric water content as
indicated in Egs. (2) and (3) because the void ratio was a constant (i.e., the minimum void ratio). As a result, its
volumetric water content and degree of saturation would decrease with time almost linearly. It can be seen from
Fig. 6b that K3-CD started to desaturate at the beginning of the drying procedure. The initial gravimetric water
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Fig. 5. Changes in the gravimetric water content of kaolin specimens under the continuous drying procedure.
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Fig. 6. Changes in (a) volumetric water content and (b) degree of saturation of kaolin specimens under the
continuous drying procedure.

contents of K1-CD and K2-CD are higher than that of K3-CD, causing the starting time for the desaturation of
these two specimens are behind the specimen of K3-CD.

Soil-water characteristic curves of kaolin specimens
The soil suction of kaolin specimens under the different drying procedures were directly measured using OTs
for suctions below 1500 kPa and the WP4C dewpoint potentiometer when the soil suction were beyond 1500
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kPa??’. Based on the measured gravimetric water content and the soil suction of the specimen, its SWCC- w can
be plotted. As shown in Fig. 7a, the SWCC in the lower suction range from 0.1 to 100 kPa was highly influenced
by the initial gravimetric water content of the kaolin specimen. However, the SWCC of all specimens in the
medium suction range (i.e., 100 to 1500 kPa) and the high suction range beyond 1500 kPa are very close to each
other. The variation in the initial gravimetric water content of specimens would cause the difficulty in best-fitting
of the SWCGC, resulting in uncertainty in the determination of the air-entry value (AEV) based on the best-fitted
SWCC equation®?. Therefore, it is necessary to use the shrinkage curve of the specimen that was measured
simultaneously with the SWCC- w to determine both the SWCC- 6 and the SWCC- S as shown in Fig. 7b,c. The
variation in the initial volumetric water content of SWCC- @ as presented in Fig. 7b is not very large as compared
with the variation in the initial gravimetric water content of the SWCC- w after taking into consideration of the
initial void ratio. The SWCC- S as presented in Fig. 7c demonstrates that all kaolin specimens consolidated at
different pressure levels have almost the same trend of SWCC. It would be easier and more accurate to use the
data points from SWCC- S for best-fitting and determination of the AEV of the different kaolin specimens.
The results of SWCC also show that the data points of the kaolin specimens under continuous drying
procedures are very close to those under discrete drying procedures. This indicates that the continuous drying
procedures would not cause significant non-uniform water content distribution within the specimen or the large
suction gradient within the specimen. Therefore, the suction near the surface of the specimen as measured by
the OT is still capable of representing the suction for the entire specimen. Thus, the determination of SWCC of
unsaturated soils based on the continuous drying procedures described in this study can be adopted provided
that the mild water evaporation process (i.e., under essentially constant room temperature and relative humidity)
is maintained in the laboratory. In addition, referring to the changes in the gravimetric water content of the
kaolin specimens with time as shown in Fig. 5, the simultaneous determination of SWCC and shrinkage curves
using the continuous drying procedures can be completed within one week, which is faster than the discrete
drying procedures that can only be completed in about two weeks. However, it should be noted that the rate of
water evaporation is also affected by the dimension and surface area of the soil specimen. Therefore, the time
for the determination of SWCC and shrinkage curves may vary when taking into consideration of the size and
dimension of the soil specimen!®?%3*, To summarize, both discrete and continuous drying procedures can be
adopted for fast determination of SWCC and shrinkage curve in the laboratory based on the results of this study.
Considering the compatibility of the data points from continuous and discrete drying procedures presented
in Fig. 7, these data points were combined for the best-fitting of SWCC- S using Eq. (4). The high R? values
prove the accuracy and reliability of the method proposed in this study for the simultaneous determination of
SWCC and shrinkage curve. The AEV for the soil specimens prepared at different consolidation pressures can
be determined from the best-fitted SWCC- S'. The results show that the AEV are 168 kPa, 181 kPa, and 180
kPa for specimens prepared at the consolidation pressures of 35.3 kPa, 70.6 kPa, and 141.2 kPa, respectively.
The little variation in the AEV of specimens subject to different levels of consolidation pressures shown in this
study agrees with previous research on consolidated Regina clay: the AEV of specimens would be consistent if
the consolidation pressure applied to the specimens was lower than the AEV!. A comparison of the best-fitted
SWCC- S in Fig. 8d shows that there is no distinct difference among the SWCC- S of specimens prepared at
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Fig. 7. Summary of SWCCs of all kaolin specimens prepared in this study in different forms: (a) SWCC- w;
(b) SWCC- 6 ; (c) SWCC- S.

Scientific Reports |

(2025) 15:40042 | https://doi.org/10.1038/s41598-025-23981-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

different levels of consolidation pressures, which indicates that the relatively low levels of consolidation pressures
would affect the initial gravimetric water content of the specimens but would not significantly affect the SWCC-
S of the unsaturated soils and their AEVs.

Relationship between void ratio and soil suction of kaolin specimens

The void ratio of kaolin specimens prepared at different levels of consolidation pressure are plotted against the
corresponding soil suction in Fig. 9. The void ratio shows a rapid decrease in the extremely lower suction range
(i.e., 0-10 kPa), which corresponds to the saturated state of the specimens as presented in their shrinkage curves
(Fig. 4) and SWCC- w in the lower suction range (Fig. 7). The void ratio gradually decreased in accordance with
the increase in the soil suction as well as the decrease in the gravimetric water content. The void ratio finally
reached the minimum value when the soil suction was about 300 kPa or the gravimetric water content was about
30% (Fig. 4). This indicates that the higher soil suction (>300 kPa) would not affect the void ratio or the volume
change of the kaolin specimen. As a result, the SWCC or other mechanical properties of the unsaturated soils
at high soil suction can be analyzed without considering the volume change when the shrinkage limit of the
soil is reached. The relationship between the void ratio and the soil suction helps to analyze and estimate the
volume change of the unsaturated soil during the drying process and/or at a specific level of soil suction. Such
relationships may vary for different types of unsaturated soils and should be studied further to show the detailed
correlation between these two variables. Besides, estimation of the SWCC from the shrinkage curve of the soil
could be further studied based on this relationship.

Conclusions

In this study, the new procedures for simultaneous determination of soil-water characteristic and shrinkage
curves of a “single” unsaturated soil specimen were proposed and validated by measuring the two curves of kaolin
specimens prepared at different levels of consolidation pressures. The void ratio, gravimetric water content, and
the soil suction of the specimen during the continuous and discrete drying procedures were measured. The
results show that different levels of consolidation pressures would result in different initial gravimetric water
contents and initial void ratios of kaolin specimens. However, the shrinkage curves of these specimens are almost
the same regardless of their variation in initial gravimetric water content and initial void ratio. The SWCC-
w in the lower suction range from 0.1 to 100 kPa was found to be highly affected by the initial gravimetric
water content. In contrast, the SWCC- S of all specimens were almost the same and the air-entry values of
different specimens obtained from the best-fitted SWCC- S were close to each other. The results also show that
the continuous drying procedures would not cause significant difference in the SWCC and shrinkage curve of
specimens compared with the discrete drying procedures, provided that the mild water evaporation process (i.e.,
almost constant room temperature and relative humidity) can be maintained during the measurement of the
two curves. The relationship between the void ratio and soil suction of the specimens shows that the void ratio
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Fig. 8. Best-fitted SWCC- S of consolidated kaolin specimens: (a) Best-fitted SWCC- S of kaolin specimens
prepared at consolidation pressure of 35.3 kPa; (b) Best-fitted SWCC- S of kaolin specimens prepared at
consolidation pressure of 70.6 kPa; (c) Best-fitted SWCC- S of kaolin specimens prepared at consolidation
pressure of 141.2 kPa; (d) Comparison of best-fitted SWCC- S of kaolin specimens prepared at different
consolidation pressures.
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Fig. 9. Relationship between void ratio and soil suction of kaolin specimens.

has a rapid decrease within the extremely lower suction range (i.e., 0-10 kPa) and finally reaches its minimum
value when the soil suction is about 300 kPa. In summary, this study proposes a new method for the quick,
accurate, and simultaneous determination of SWCC and shrinkage curve of the unsaturated soil, which helps to
expedite the process of determining the properties and behaviors of unsaturated soils as well as analyzing related
engineering issues associated with unsaturated soils. The proposed procedures should be further evaluated by
measuring the SWCC and shrinkage curve of more types of soils such as swelling soils and sandy soils. Besides,
the effects of temperature and relative humidity on the measurement should also be analyzed further.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
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