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Abstract
The soil-water characteristic curve (SWCC) contains information regarding the geometric pore space in a soil and is commonly used to
estimate unsaturated soil properties, such as unsaturated hydraulic conductivity and unsaturated shear strength. Soil volume change can
significantly affect the SWCCand the engineering properties of soil. Different SWCCs can be obtained if the soil specimens are prepared
with different initial void ratios. The volumetric shrinkage curve (VSC) is commonly used to convert the SWCC in the form of
gravimetric water content (w-SWCC) into a curve that is in the form of degree of saturation (S-SWCC). In this paper, a framework is
developed in which different S-SWCCs are generated based on the measured w-SWCC of soil in a relatively loose condition and the
VSC. The proposed framework is based on the concept of the pore size distribution function (PSDF). The estimated SWCCs corre-
sponding to different initial void ratios from the proposed framework were verified by using experimental data from published studies.

Keywords Soil-water characteristic curve . Volumetric shrinkage curve . Pore-size distribution function . Framework . Soil
volume change

Introduction

Different soil-water characteristic curves (SWCC) can be ob-
tained if the soil specimens are prepared under different initial
void ratios (Birle et al. 2008, Pham and Fredlund 2011; Gao
et al. 2016 Gao and Sun 2017, Al-Dakheeli and Bulut 2019,
Gao et al. 2019). Various models have been proposed for the

estimation of different SWCCs corresponding to different void
ratios (Romero and Vaunat 2000; Sun et al. 2007; Zhou et al.
2012; Zhou et al. 2014; Zhou and Ng 2014; Mendes and Toll
2016; Wijaya and Leong 2017; Gao et al. 2019, and Roy and
Rajesh 2020). Recently, the works from Fredlund and Houston
(2013), Tripathy et al. (2002), Tripathy et al. (2014), Fredlund
(2015), Fredlund (2017), and Lu and Dong (2017) advocated
that the volumetric shrinkage curve (VSC) could be used to
estimate the SWCC by considering the soil volume change.

It seems that the VSC has rarely been used for estimating the
variation in the SWCC due to the changes in void ratio. In this
paper, both themeasured SWCC in the formof gravimetricwater
content (w-SWCC) and the VSC of soil in a loose condition are
used as the input information for the estimation of thew-SWCCs
of soil under different void ratios. The proposed methodology
was verified with experimental data from published studies. The
proposed framework provides an alternativemethod for the rapid
estimation of the SWCC of soils with different void ratios.

Literature review

The SWCC defines the relationship between soil suction and
the amount of water in a soil. The amount of water in soil can
be expressed in terms of the gravimetric water content, w;
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volumetric water content, θ; or degree of saturation, S. Due to
the different forms of expressing the amount of water in a soil,
the SWCC can be expressed in terms of gravimetric water
content, w-SWCC; volumetric water content, θ-SWCC; or
degree of saturation, S-SWCC (Fredlund et al. 2018).
Fredlund and Xing (1994) proposed the SWCC equation by
integrating the assumed pore-size distribution function
(PSDF), and the fitting parameters in the proposed equation
are commonly determined from the regression analysis. If
there is no soil volume change, then the w-SWCC that does
not consider the soil volume change can be considered to
represent the PSDF of the soil. However, if there is soil vol-
ume change, then the w-SWCC represents the PSDF of soil in
the initial condition (which is in a loose condition), while the
S-SWCC represents the PSDF of the soil in the final condition
(which is in a dense condition). Zhai et al. (2018) showed that
the PSDF also had a significant effect on the saturated coeffi-
cient of permeability for sandy soils.

Diamond (1970) suggested that there were two types of
microstructures in a clayey soil, namely, relatively large-
diameter pores and small-diameter pores with a dividing radi-
us of 2000 Å. Romero et al. (1999) proposed an empirical
method for dividing the pores in soil into “interaggregate
zone” and “intra-aggregate zone” through the interpretation
of Mercury Intrusion Porosimetry (MIP) test results. The ex-
perimental works of Delage and Lefebvre (1984), Griffiths
and Joshi (1990), Kollijji et al. (2010), Han et al. (2017) and
Han et al. (2019) showed that the changes in soil volume
during compaction and consolidation are mainly due to the
compression of interaggregate pores. Salager et al. (2013) in-
dicated that the w-SWCCs for the same soil with different
initial void ratios converged and became unique after certain
suction values. As the SWCC at high suction ranges repre-
sents the micropores in soil, the variations in the initial void
ratios would not change these micropores corresponding to
the high suction levels. In addition, the works of Griffiths
and Joshi (1990), Lapierre et al. (1990), Miao et al. (2007),
Oualmakran et al. (2016), Sun and Cui (2017), and Li et al.
(2018) showed that micropores were not compressed even
when the applied load was large enough to destroy the
interaggregate pores. As a result, it can be assumed that when
the soil is subjected to compression (due to a mechanical load
or suction load), the pores are compressed from the large pores
to the small pores. The size range of the pores to be com-
pressed is a function of the magnitude of the compression.
Higher compression results in a wider size range of pores to
be compressed.

The research works by Fredlund et al. (2002), Peng and
Horn (2005), and Lin and Cerato (2013) showed that the
VSC bears a relationship to the soil-water characteristic curve
(SWCC) during drying from a near-saturated condition.
Hamberg (1985) and Perko et al. (2000) proposed that the soil
volume versus water content relationship under a free-

confining condition of drying be defined as a constitutive or
characteristic curve. Volumetric shrinkage curves are com-
monly adopted to study the soil-water interaction and volu-
metric behavior of soils (McKeen 1992; Nelson and Miller
1992; Likos et al. 2003; Wijaya and Leong 2017). Fredlund
and Houston (2013), Tripathy et al. (2014), Fredlund (2015),
and Lu and Dong (2017) demonstrated that the VSC could be
used to convertw-SWCC into S-SWCC. Tripathy et al. (2014)
indicated that the water content of clay at the air-entry value
was larger than the shrinkage limit of clay. Romero and
Vaunat (2000) proposed a SWCC model by considering the
variation in void ratio for expansive clay soils and collapsible
clay soils.

In this paper, a framework that simulates the variations in
the PSDF is proposed for the estimation of the SWCC of soils
with different initial void ratios. As the proposed framework
in this study is generated from the mathematical equations of
the SWCC and VSC, both Fredlund and Xing’s (1994) equa-
tion for the SWCC (Eq. 1) and Fredlund et al.’s (2002) equa-
tion for the VSC (Eq. 2) are adopted in this paper.
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where af, nf,mf, = fitting parameters for the S-SWCC equation
and Cr = an input value related to the residual suction, which
can be estimated as Cr = 1500 kPa for most cases (Fredlund
and Xing 1994, Zhai and Rahardjo 2012 and Zhai et al.
2017a).

e ¼ ash
wcsh

bcshsh
þ 1

� � 1
csh ð2Þ

where ash= the minimum void ratio, bsh= the slope of the line
of tangency, and csh= the curvature of the shrinkage curve.

Theory

The relationship between the PSDF and SWCC is first ex-
plained for the case of a soil with a rigid soil structure during
the SWCC measurement. Subsequently, the relationship be-
tween the PSDF and SWCC for a deformable soil is shown
with consideration for the effects of soil volume change on the
variation in the PSDF of the soil. Two major assumptions are
adopted in the proposed framework: (i) the soil particles are
not compressed during the compression of soil volume, and
(ii) the pores in soils are compressed gradually from large
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pores to smaller pores during the compression of soil volume.
Consequently, a new PSDF-based framework for the estima-
tion of SWCCs for soil with different initial water contents
was proposed in this study.

Relationship between the PSDF and SWCC for a rigid
soil

If the soil structure is rigid, the volume of water drained from
the soil represents the dried volume of pores during the SWCC
measurement. Based on the capillary law, the percentage of
the volume of pores with particular pore sizes of r to (r ‐Δr)
can be obtained bymeasuring the water volume that drains out
from the soil due to the increase in suction from ψ toΔψ. The
variable r is the pore radius, and ψ is the matric suction cor-
responding to the pore radius of r according to capillary law.
The variables Δr and Δψrepresent the change in pore radius
and matric suction, respectively. The water volume associated
with a variation in suction from ψ to Δψrepresents the pore
volume with pore sizes of r to r ‐Δr, which is the major
assumption adopted by Fredlund and Xing (1994) in their
derivation of a SWCC equation consistent with the concept
of the pore-size distribution function.

The relationship between the PSDF and SWCC is shown in
Fig. 1 (Zhai and Rahardjo 2015). Zhai and Rahardjo (2015)
also explained that the S-SWCC could be divided into several
segments, with each segment representing pores in the soil
with the same radii. As shown in Fig. 1, the mean value of
matric suction, ψ, for a segment represents the pore radius, r,
(i.e., based on Kelvin’s capillary law) while the change in
degree of saturation, ΔS, for the segment represents the
pore-size density, f(r), corresponding to the pores with radius
of r. A detailed explanation of the relationship between the
PSDF and SWCC for soil with a rigid soil structure can be
found in Zhai and Rahardjo (2015) and Zhai et al. (2017b,
2018).

Relationship between the PSDF and SWCC
for a deformable soil

Fredlund and Rahardjo (1993) explained that the difference
between the pore-air pressure and pore-water pressure can be
calculated from the radius of meniscus, based on the Young-
Laplace equation, as shown in Fig. 2a, where Ts = the surface
tension, Tv = the component of the surface tension in the y-
direction, and Th = the component of the surface tension in the
x-direction. The relationship shown in Fig. 1 was based on the
assumption that the soil structure remained rigid during the
SWCC measurement. In other words, the relationship as ex-
plained in Fig. 1 may not be applicable for soils with signifi-
cant changes in volume as soil suction changes. The volume
change leads to the compression of large pores and a variation
in the PSDF (i.e., the pore-size density for pores with different
radii will redistribute if the large pores are compressed).

If the PSDF in a soil at an instantaneous state can be esti-
mated, then a series of PSDFs corresponding to different in-
stantaneous states can be used to represent the characteristics
of the geometric pore space in the soil. In addition, for each
instantaneous state, the relationship between the S-SWCC and
PSDF, as shown in Fig. 1, is still valid because it can still be
assumed that there is no soil volume change for an instanta-
neous state. As shown in Fig. 2, based on Newton’s second
law, there will be a reactive force, T’s, acting on the soil par-
ticles if there is any surface tension, Ts, acting on the meniscus.
As shown in Fig. 2, the decrease in pore radius, r, is dependent
on the total horizontal pulling force between soil particles.
Based on the geometrical relationship between the radii of
the pore and meniscus shown in Fig. 2b, the total pulling force
between soil particles can be calculated using Eq. (3) as fol-
lows:

P F ¼ ua−uwð ÞA0 ¼ ua−uwð Þ Rs
2α−r

ffiffiffiffiffiffiffiffiffiffiffiffiffi
Rs

2−r2
p� �

ð3Þ

where PF = the pulling force between soil particles; (ua − u-
w) = matric suction; A′ = the cross-sectional area of a spherical
interior surface, as shown in Fig. 2b; Rs = the radius of the
meniscus; r = the radius of the pore; and α = the angle defined
by Rs and r. When r is notably smaller than Rs, the angle α can
be approximately equal to sinα, which is equal to r/Rs. In this
case, Eq. (3) can be simplified for the situation that r is much
smaller than Rs as follows:

P F ¼ ua−uwð Þ Rsr−r
ffiffiffiffiffiffiffiffiffiffiffiffiffi
Rs

2−r2
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¼ ua−uwð ÞRsr 1−
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Fig. 1 Illustration of the relationship between PSDF and SWCC
(modified from Zhai and Rahardjo 2015)
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The details of the derivations of Eqs. (3) and (4) can be

found in Zhai et al. (2019). If r is << Rs, then the term 1−ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1− r

Rs

� �2
r

in Eq. (4) will be close to zero, which means that

the pulling force between soil particles approaches zero.
Therefore, if the pore size, ri, is notably less than the equiva-
lent pore size, r, corresponding to the applied suction,ψ, the
variation in the suction will not cause any reduction in ri.

If the entire geometrical pore space of soil is divided into n
groups, then each group can be represented by a certain pore
size with its statistical distribution. As shown in Fig. 3, the
entire range of pore sizes with equivalent suctions from
0.01 kPa to 106 kPa are represented by only ten numbers of
pores, and the pore radius can be considered notably larger
than subsequent pores (i.e., r1>> r2>>……>> r10). As a result,
when the suction increases to ψ1, some of the pores represent-
ed by r1 will be compressed, and the pores with radii of r2 to
r10 will not be compressed. However, even though these pores
with radii of r2 to r10 are not compressed, the pore-size density
of these pores will increase because the total volumes of pores
are reduced due to the compression of pores with radius of r1.
As a result, when the suction increases from 0.01 kPa to ψ1,
the pore-size density of pores with a radius of r1 will decrease,
and the pore-size density of pores with radii of r2 to r10 will
increase with the same ratio of e0/e1, as shown in Fig. 3.

Framework for the simulation of variation in the PSDF
due to soil volume change

The degree of saturation, S, can be obtained when the water
content and void ratio are known.

S ¼ Gsw
e

ð5Þ

where S = the degree of saturation,Gs = the specific gravity, w
= the water content, and e = the void ratio. For a given soil,Gs

always remains constant, and both w and e may vary under
different states. The calculated degree of saturation for a given

measured water content may be different if a different void
ratio is considered. As a result, the relationship between S1
(corresponding to void ratio, e1) and S2 (corresponding to void
ratio, e2) can be defined by Eq. (6) as follows:

Fig. 3 Illustration of variation of pore-size densities of pores due to in-
crease in soil suction. a Increase of soil suction from 0.01 kPa to ψ1. b
Increase of soil suction from ψ1 to ψ2

Fig. 2 Illustration of meniscus
and forces on the soil particles
(modified from Zhai et al. 2019).
a Force on soil particles. b
Geometrical relationship between
r and Rs
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S1
S2

¼ e2
e1

ð6Þ

where S1 ¼ Gsw
e1

and S2 ¼ Gsw
e2
.

The converted S-SWCC can be shifted vertically by con-
sidering different void ratios, as shown in Eq. (6). The shifting
of S-SWCC using Eq. (6) can be described as follows:

(1) Divide the w-SWCC into several segments and name
these as points 0, 1, 2,3 ————, as shown in Fig. 4.

(2) Based on the point on the SWCC, divide the VSC ac-
cordingly, as shown in Fig. 5 (point i on the VSC has the
same water content as point i on the w-SWCC).

(3) Calculate the gravimetric water contents and void ratios
for all the points on the w-SWCC and VSC, respectively.

(4) Convert the gravimetric water contents (w0, w1, w2, w3,
————) to corresponding degrees of saturation, S, by
considering a constant void ratio of e0, and obtain
SWCC0, which defines the PSDF for the soil with void
ratio, e0.

(5) From point 1, convert the gravimetric water contents (w1,
w2, w3, ————) to corresponding degrees of satura-
tion, S, by considering a constant void ratio of e1 and
obtain SWCC1, which defines the PSDF for the soil with
void ratio, e1.

(6) From point 2, convert the gravimetric water contents (w2,
w3,————) to corresponding degrees of saturation, S,
by considering a constant void ratio, e2, and obtain
SWCC2, which defines the PSDF for the soil with void
ratio, e2.

(7) Repeat steps (5) and (6) until the last point is reached.
(8) Best-fit the converted degrees of saturation and generate

the framework of the PSDF for a soil with different void
ratios.

By following the steps described above, the conventional
w-SWCC (SWCC0) is adopted to simulate the PSDF for the
soil with an initial void ratio, which can be assumed to be in a
relatively loose condition, while the converted S-SWCC

Fig. 5 Typical shrinkage curve (ash = 0.4, bsh = 0.2, csh = 10)

Fig. 4 Typical SWCC from Tempe cell/ Pressure Plate measurement (a-
f = 0.1, nf = 1.5, mf = 1)

Fig. 6 Converted family of S-SWCCs

Fig. 7 Changes in pore-size distribution functions due to shrinkage of soil
during the w-SWCC measurement
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Table 1 Converted degrees of saturation

Points Converted degrees of saturation

SWCC0 SWCC1 SWCC2 SWCC3 SWCC4 SWCC5

Point 0 Gsw0
e0

Gsw0
e0

Gsw0
e0

Gsw0
e0

Gsw0
e0

Gsw0
e0

Point 1 Gsw1
e0

Gsw1
e1

Gsw1
e1

Gsw1
e1

Gsw1
e1

Gsw1
e1

Point 2 Gsw2
e0

Gsw2
e1

Gsw2
e2

Gsw2
e2

Gsw2
e2

Gsw2
e2

Point 3 Gsw3
e0

Gsw3
e1

Gsw3
e2

Gsw3
e3

Gsw3
e3

Gsw3
e3

Point 4 Gsw4
e0

Gsw4
e1

Gsw4
e2

Gsw4
e3

Gsw4
e4

Gsw4
e4

Point 5 Gsw5
e0

Gsw5
e1

Gsw5
e2

Gsw5
e3

Gsw5
e4

Gsw5
e5

Point 6 Gsw6
e0

Gsw6
e1

Gsw6
e2

Gsw6
e3

Gsw6
e4

Gsw6
e5

Point 7 Gsw7
e0

Gsw7
e1

Gsw7
e2

Gsw7
e3

Gsw7
e4

Gsw7
e5

Point 8 Gsw8
e0

Gsw8
e1

Gsw8
e2

Gsw8
e3

Gsw8
e4

Gsw8
e5

Point 9 Gsw9
e0

Gsw9
e1

Gsw9
e2

Gsw9
e3

Gsw9
e4

Gsw9
e5

Point 10 Gsw10
e0

Gsw10
e1

Gsw10
e2

Gsw10
e3

Gsw10
e4

Gsw10
e5

Fig. 8 Measured SWCCs for Oil Sands Tailings and Regina clay with
different initial water contents. a Measured w-SWCCs for Oil Sands
Tailings from Fredlund and Houston (2013). b Measured w-SWCCs for
Regina clay from Fredlund (1964)

Fig. 9 Measured VSCs for Oil Sands Tailings and Regina clay from
Fredlund and Houston (2013). a VSC for the Oil Sands Tailings. b
VSC for the Regina clay
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(SWCC5) is adopted to simulate the PSDF for the soil with the
final void ratio, which is in a relatively dense condition, as
shown in Figs. 6 and 7. Between SWCC0 and SWCC5,
SWCC1 to SWCC4 can be used to simulate the PSDFs of soils
with different void ratios (i.e., e1 to e4).

Typical w-SWCCs obtained from soil with relatively loose
conditions and VSCs were selected from the literature to dem-
onstrate the steps involved in generating the proposed frame-
work. As shown in Fig. 5, after point 5, the void ratio becomes
constant. In this case, the PSDFs at points 5 to 10 will be the
same because there is no soil volume change. Therefore, only
one SWCC (i.e., SWCC5) is adopted to represent the PSDFs at
points 5 to 10. The converted degrees of saturation for differ-
ent SWCCs in the proposed framework from the measured w-
SWCC data and VSC are shown in Table 1.

In Fig. 4, points 0 to 10 are evenly distributed within the
suction range of [0.01 kPa, 1000 kPa]. As a result, the void
ratios of e0 to e5 can be calculated from the VSC in Fig. 5 as
[1.58, 1.51, 1.22, 0.76, 0.46, and 0.40]. A framework of PSDFs

(or a family of S-SWCCs) with the incorporation of soil volume
change during w-SWCC measurement can be obtained as
shown in Fig. 6. The S-SWCCs presented in Fig. 6 can be
converted to the form of the PSDF following the procedure
recommended by Zhai and Rahardjo (2015), as shown in Fig. 7.

Figure 6 shows that the converted SWCCs change from
SWCC0, which represents the geometrical pore space in the
soil at point 0 (initial stage), to SWCC5, which represents the
geometrical pore space in the soil at point 10 (at the end of the
SWCC test). Differential of curves in Fig. 6 gives the PSDFs
of the soil, as shown in Fig. 7. Miao et al. (2007), Dieudonne
et al. (2014), Oualmakran et al. (2016), Sun and Cui (2017),
Gao et al. (2019), and Chamindu Deepagoda et al. (2019)
reported similar results from the MIP tests.

Verification of the proposed framework

In the proposed framework, both the w-SWCC and VSC are
required for the generation of the framework. The w-SWCCs
of the soil with different initial water contents (or void ratios)

Fig. 10 Illustration of division of w-SWCC for the development of the
framework for Oil Sands Tailings and Regina clay. a Selected points on
w-SWCC for Oil Sands Tailings. b Selected points on w-SWCC for
Regina clay

Fig. 11 Computed framework of SWCCs from measured w-SWCC and
VSC for Oil Sands Tailings and Regina clay. a Framework of for the Oil
Sands Tailings. b Framework of for the Regina clay
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can be used for the verification of the proposed framework.
Based on the published literature, the experimental data on Oil
Sands Tailings and Regina clay from Fredlund and Houston
(2013) and Fredlund (1964) include information about both
thew-SWCCs for soils with different initial water contents and
shrinkage curves. As a result, both Oil Sands Tailings and
Regina clay were selected in this study. The experimental
data, which include the SWCC measurement and VSC of
Oil Sands Tailings and Regina clay, are shown in Figs. 8 and
9, respectively.

Following the steps in the “Framework for the simulation
of variation in the PSDF due to soil volume change” section,
the SWCC of Oil Sands Tailings is divided into 15 segments
(based on the measured data), and the SWCCof Regina clay is
divided into 12 segments (based on the measured data), as
shown in Fig. 10.

Converting the measured gravimetric water contents into
degrees of saturation following the steps explained in the
“Framework for the simulation of variation in the PSDF due
to soil volume change” section and Table 1, the frameworks of
the SWCCs for Oil Sands Tailings and Regina clay are finally
obtained, as shown in Fig. 11.

The framework for the Oil Sands Tailings in Fig. 11a is
obtained from the w-SWCC with an initial water content of
0.78 and the VSC, as shown in Fig. 9a. If the initial water
content is 0.47, then the void ratio will be calculated as 1.13
from the VSC. The void ratio of 1.13 is mostly close to that
corresponding to SWCC4 (which has an initial void ratio of
1.15), as shown in Table 2. In this case, SWCC4 is selected
and multiplied by 0.48, which is calculated as the water con-
tent corresponding to the void ratio of 1.15. As a result, the
estimated w-SWCC with an initial water content of 0.48 and
measured w-SWCC with an initial water content of 0.47 are
shown in Fig. 12.

The framework for Regina clay in Fig. 11b is obtained from
the w-SWCC for the soil that has been preconsolidated to
6.13 kPa and the VSC, as shown in Fig. 9b. If the soil is
preconsolidated to 12.25 kPa, the initial water content is
0.81, and the void ratio is calculated as 2.28 from the VSC.
The void ratio of 2.28 is mostly close to those corresponding
to SWCC2 and SWCC3 (which have initial void ratios of 2.36
and 2.23, respectively), as shown in Table 2. In this case,
SWCC2 and SWCC3 are multiplied by 0.836 and 0.787, re-
spectively, which are the calculated water contents corre-
sponding to void ratios of 2.36 and 2.23, respectively. As a
result, the estimated w-SWCC for the Regina clay and
the measured w-SWCC for the specimen that has been
preconsolidated to 12.25 kPa are shown in Fig. 13a. The initial
water contents corresponding to the soil specimens
preconsolidated to 24.5 kPa, 49 kPa, and 196 kPa were 0.74,

Table 2 Void ratios of soil
corresponding to different
SWCCs in the proposed
framework

Family of S-SWCCs Void ratio for Oil Sands tailings Void ratio for Regina clay

SWCC0 1.85 2.43

SWCC1 1.69 2.40

SWCC2 1.44 2.36

SWCC3 1.22 2.23

SWCC4 1.15 2.05

SWCC5 0.98 1.88

SWCC6 0.87 1.68

SWCC7 0.79 1.43

SWCC8 0.70 1.20

SWCC9 0.63 1.06

SWCC10 0.55 0.85

SWCC11 0.33 0.48

SWCC12 0.32 –

SWCC13 0.32 –

SWCC14 0.32 –

Fig. 12 Comparison between measured w-SWCC with initial water
content of 0.47 and the estimation from proposed framework for Oil
Sands Tailings
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0.63, and 0.54, and the calculated void ratios were 2.09, 1.79,
and 1.53, respectively. Therefore, based on the void ratios
shown in Table 2, SWCC3 and SWCC4 could be used to
estimate the w-SWCC corresponding to the void ratio of
2.09, SWCC5 and SWCC6 could be used to estimate the w-
SWCC corresponding to the void ratio of 1.79, and SWCC6
and SWCC7 could be used to estimate the w-SWCC corre-
sponding to the void ratio of 1.53. Following similar proce-
dures, the estimated w-SWCCs for the Regina clay and
the measured w-SWCCs for the specimens that have been
preconsolidated to 24.5 kPa, 49 kPa, and 196 kPa are shown
in Fig. 13b–d, respectively.

Figures 12 and 13 show that the estimation of w-SWCCs
using the concept of the PSDF agrees well with the measured
SWCC data for Oil Sands Tailings and Regina clay. The com-
parison results indicate that the proposed framework can pro-
vide a good estimation of w-SWCCs with different initial sat-
urated water contents (or void ratios).

Conclusions

A framework (in the form of S-SWCCs) with the incorpora-
tion of soil volume change has been proposed. The

methodology and procedure to develop the proposed frame-
work have been explained and demonstrated. The experimen-
tal data for both Oil Sands Tailings and Regina clay from the
literature show good agreement with the estimation results
obtained from the proposed framework. The proposed frame-
work is developed based on the concept of the pore-size dis-
tribution function. The proposed framework provides an alter-
native method for the estimation of SWCCs for soils with
different void ratios. The proposed framework is based on
the assumption that soil particles are not compressed during
the variation in void ratios. Further research incorporating the
compression of soil particles is warranted.
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