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0e fitting analysis of soil-water characteristic curve (SWCC) is the foundation of engineering properties of unsaturated soils. 0e
purpose of this paper is to explore the differences of fitting effects between different fractal and empirical models as well as the
effect of residual water content θr on the model fitting.0e experimental SWCCs of Hunan clay at different initial dry densities are
measured by pressure plate instrument, and then they are fitted by fractal and empirical models. 0e effect of the limit of θr on the
fitting results is analyzed by comparing the results of indoor evaporation test.0e results show that within themeasured data point
range, fractal model II-2 and van Genuchten model (VG model) have the best fitting effect, fractal models I and II-1 take the
second place, and the fitting effect of Gardner model is the worst. When the matrix suction is more than the measured data, the
fitting accuracy of themodel is poor. For themodel with θr, reasonable limit range of θr can only improve the fitting accuracy of the
model to a certain extent. For the fractal model, the fitting accuracy of themodel can be improved effectively when θr is considered.
Furthermore, the difference of fractal dimension and air-entry value in various fractal models are also discussed in this paper.

1. Introduction

0e soil-water characteristic curve (SWCC) plays an im-
portant role in the study of the hydraulic characteristics of
unsaturated soils, and it is a significant foundation in the
field of predicting the strength, permeability, constitutive
relation, and consolidation theory of unsaturated soils [1–5].

Generally, the data obtained from SWCC experiment is a
series of discrete points. In order to investigate the rela-
tionship between SWCC and the physical properties of soil
structure stability, particle size distribution, and water
holding capacity, it is necessary to fit the smooth curve
through various models. 0erefore, it is a core problem to
adopt the appropriate SWCC model. Since the 1950s,
Gardner [6], van Genuchten [7], and Fredlund and Xing [8]
proposed some empirical models to quantitatively describe
the soil-water relationship. From then on, a large number of
researchers have further established various models to de-
scribe SWCC more accurately. For example, Gallipoli et al.

[9] proposed a SWCC expression considering the change of
porosity, which was capable of describing the volume change
of soil induced by stress state. Pham et al. [10] established a
SWCC model considering hysteretic effect by ignoring the
volume change of soil. Omuto [11] proposed a double-index
SWCC model through analyzing the soil structure and pore
spatial structure. Based on van Genuchten model (VG
model), Zhang et al. [12] further presented a SWCC model
taking the change of void ratio into account. Ahangar-Asr
et al. [13] presented a SWCC model from evolutionary
polynomial regression (EPR) technology, and then the ac-
curacy was validated by using the experimental data of
various soils. Huang et al. [14] proposed a SWCC model
considering soil deformation and hysteresis effect, by
comparing some classical SWCC models. Wang et al. [15]
further proposed a double stress generalized SWCC model
considering soil deformation and pore size distribution.
Pham and Fredlund [16] developed a gravimetric SWCC
equation considering volume changes and further utilized
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the model to fit the soil suction–gravimetric water content
data of different soils. Roy and Rajesh [17] measured suc-
tion–water content data of slurry and compacted soils from
tensiometers and dew point potentiometer. Further, five
classical SWCC models were used to fit and evaluate the
significant parameters of different models in the full suction
range. Ren et al. [18] proposed a new approach to estimate
entire SWCC from the characteristic of the shape of ex-
perimental SWCC, and the application of this approach on
the coarse-grained and fine-grained soil was verified. Zhai
et al. [19] demonstrated that the residual water content has
great influence on the fitting equation through measured
experimental SWCCs of different soils. Rajesh et al. [20]
adopted five existing SWCCmodels to fit the laboratory data
using weighted method of least squares, indicating that the
fitting results have great dependency on the parameter of
model.

Out of various SWCC models available in the litera-
ture, classical models such as the Gardner model, the van
Genuchten (VG) model, and the Fredlund–Xing (FX)
model are often widely used by researchers. For example,
Puppala et al. [21] adopted FX model to fit SWCCs of
expansive soils and then obtained the relationship be-
tween parameters of model and physical properties of soil.
Kim and Borden [22] determined shear strength of dif-
ferent soils by using FX model and then investigated the
effect of stress state on the shear strength. Chen and Gong
[23] compared the fitting effects of five SWCC models,
indicating that the modified Gardner model has the best
performance. Zhang et al. [24] found that both VG model
and FXmodel can accurately describe SWCC of Jiaohe soil
over the complete range of matrix suction. 0e above
models are in the simple from and are convenient to
implement. However, most of them belong to empirical
equations, so many parameters in them have no clear
physical significance. Meanwhile, their fitting results
depend on the limit range of parameters, resulting in that
the fitting results have multisolution.

0e above models are comparatively simpler to use
and convenient to implement in establishing a smooth
SWCC. However, most of them contain empirical equa-
tions, so many parameters in them have no clear physical
significance. 0eir fitting results are also dependent on the
limiting range of the parameters utilized, resulting in
multiple solutions. Since Mandelbrot [25] proposed
fractal theory, it has been widely applied in practical
engineering problems [26–30]. It has been reported that
SWCC is closely related to soil structure, such as surface
area, volume, and size distribution of particle or pore,
which present self-similar characteristics. 0erefore,
fractal theory has been recognized as a useful tool to
investigate SWCC [25, 31–33]. Tyler and Wheatcraft [34]
derived a fractal SWCC model based on Sierpinski’s
model to simulate pore fractal dimension. Rieu and
Sposito [35] derived a fractal SWCC model in terms of
mass distribution based on Menger’s sponge model. On
this basis, Perfect et al. [36] proposed a new SWCCmodel.
Perrier et al. [37, 38] presented a pore-solid fractal model
to simulate soil structure. Xu et al. [39, 40] derived a

general SWCC expression through cumulative number of
pores and the pore size and then divided the existing
fractal models into three categories. Crawford et al. [41]
established a SWCC model with a fractal dimension of
pore surface. Tao et al. [42] established a fractal model to
describe the influence of clay content on SWCC and
determined the variation of clay content with fractal di-
mension. Yang et al. [43] proposed a SWCC equation
considering hysteresis effect by analyzing the fractal
characteristics of the pore size and the seepage path of
unsaturated soils from microscopic perspective.

Fitting SWCC is an important foundation to study the
hydraulic characteristics of unsaturated soils, and the
accuracy of model fitting has a great influence on the
study of geotechnical engineering properties of unsatu-
rated soils. However, the existing SWCC fitting results
reveal that the fitting results of different models for the
same experimental data are significantly different, indi-
cating that it is necessary to elaborate the fitting char-
acteristics of different models. In addition, most existing
fitting studies are based on empirical models, and there
are few studies on fitting fractal models. Compared with
empirical model, fractal model has fewer parameters with
obvious physical meaning and has simple fitting process.
0erefore, fitting SWCC by fractal model is a method
worthy of in-depth study. 0is paper summarizes the
existing SWCC fractal models and divides it into two
categories according to the different derivation process.
Based on the obtained experimental data of the pressure
plate instrument, the fitting effects of two types of fractal
models and existing empirical models (Gardner and VG
model) are analyzed.

2. Soil-Water Characteristic Curve Model

2.1. SWCC Fractal Model

2.1.1. Fractal Model I. Zhang et al. [44] proposed a porosity
model, which is expressed as

ϕ(> r) � 1 −
r

rmax
 

3−D

, (1)

where ϕ is the soil porosity, r is the pore size of soil, rmax
is the maximum pore size, and D is the fractal
dimension.

Taking r as the boundary condition, if the pores of
unsaturated soils with pore size less than or equal to r are
filled with water, then this can be expressed as

θs � ϕ(> r) + θ, (2)

where θs is the saturated soil volumetric water content and θ
is the volumetric water content.

Coupling (1) with (2) gives

θs � θ + 1 −
r

rmax
 

3− D

. (3)
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According to Young–Laplace equation, the relationship
between matrix suction ψ and pore sizes r can be expressed
as follows:

ψ �
2Ts cos α

r
, (4)

where ψ is the matrix suction (ψ in all equations is specified
such that ψ > 0) and α is the contact angle. In the constant
temperature condition, 2Ts cos α can be assumed as a
constant.

Substituting (4) into (3) yields the following expression:

θs � θ + 1 −
ψ
ψa

 

D− 3

, (5)

where ψa is the air-entry value.
Further, (5) can be represented as

θ �
ψ
ψa

 

D− 3

−
1

e + 1
, (6)

where e refers to the void ratio.
It should be noted that (6) is effective only in the range of

ψ >ψa. If matrix suction ψ is less than ψa, the soil sample is
assumed to be fully saturated. 0en, the fractal model for
SWCC model is written as

θ �
ψ
ψa

 
D− 3

−
1

e + 1
, ψ ≥ψa,

θ �
e

e + 1
, ψ <ψa.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(7)

2.1.2. Fractal Model II (1) Fractal Model II-1
Another porosity model presented by Zhang et al. [44] is

expressed as follows:

ϕ(> r) �
rmax

L
 

3− D

−
r

L
 

3− D

, (8)

where L is the total observation scale of soil.
Coupling (8) with (2) gives

θs � θ +
rmax

L
 

3− D

−
r

L
 

3− D

. (9)

It is assumed that A is equal to (rmax/L)3−D. 0en,
combining (9) with (4) yields

θs � θ + A 1 −
ψ
ψa

 

D− 3
⎡⎣ ⎤⎦. (10)

When r approaches 0, θs �A; then (10) can be rewritten
as

θ
θS

�
ψ
ψa

 

D− 3

. (11)

It can be rewritten as, (11)

θ �
ψ
ψa

 

D− 3
e

e + 1
. (12)

Note that (12) is only valid only in the range of ψ >ψa. If
matrix suction ψ is less than ψa, the soil sample is assumed to
be fully saturated. 0en, the fractal SWCC model is
expressed as follows:

θ �
ψ
ψa

 
D− 3 e

e + 1
, ψ ≥ψa,

θ �
e

e + 1
, ψ <ψa.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(13)

(2) Fractal Model II-2
When the residual water content is considered, the tiny

pores corresponding to the residual water content are
regarded as the components of particles; then (11) becomes

Se �
ψ
ψa

 

D− 3

, (14)

where Se is the effective degree of saturation.
0e dimensionless water content variable Θ is intro-

duced here, which can be expressed as standardized volu-
metric water content by saturated water content and residual
water content:

Θ � Se �
θ − θr

θs − θr

, (15)

where θr is the residual water content.
Substituting (15) into (14) gives

θ �
ψ
ψa

 

D− 3
e

e + 1
− θr  + θr. (16)

Note that (16) is only valid in the range of ψ >ψa. If
matrix suction ψ is less than ψa, the soil sample is assumed to
be fully saturated. 0en, the fractal SWCC model is
expressed as follows:

θ �
ψ
ψa

 
D− 3 e

e + 1
− θr  + θr, ψ ≥ψa,

θ �
e

e + 1
, ψ <ψa.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(17)

2.2. EmpiricalModel. Gardner [6] proposed a SWCC model
with two parameters, which is expressed as

θ � θr +
θs − θr

1 + λψn
, (18)

where λ is a parameter related to the air-entry value and n is a
parameter related to the drying rate.

van Genuchten [7] presented a SWCC model with three
parameters, and its expression is as follows:
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θ � θr +
θs − θr

1 +(aψ)m
 

p, (19)

where a, m, and p are fitting parameters, a is related to the
air-entry value, m is related to the pore size distribution of
soil, and p is the parameter related to m as p� 1− 1/m.

3. Materials and Methods

3.1. ExperimentMaterials. Taking Hunan clay as the studied
object, its basic physical index is shown in Table 1.
According to the plastic soil classification in standard for soil
test method, the experimental soil belongs to the low-
plasticity clay. It has the characteristics of high clay content,
high liquid limit, high saturation, and low permeability
coefficient.

3.2. SWCC Test

3.2.1. Experiment Methods and Processes. Pressure plate
tests were performed to measure the SWCCs of Hunan clay,
where the pressure plate instrument is manufactured by the
American Soilmoisture Company. 0e pressure plate in-
strument used in the experiment, which consists of pressure
cell, 15-bar air-entry value (HAE) ceramic disc, pressure
gauge, and nitrogen source, is shown in Figure 1.

Before the experiment, the soil was dried, then crushed,
and screened by a 2mm sieve.0en, some distilled water was
uniformly sprayed on the dried soil so that the initial water
content of the soil is about 19% which is close to the op-
timum water content. Subsequently, the soil was put in a
sealed box for at least 3 days to make water distribute
uniformly. After the required time, samples with six different
initial dry densities were prepared by hydraulic jack in a
circular mold of 61.8mm inner diameter and 20mm height,
respectively. 0e dry density ρd was 1.30 g/cm3, 1.35 g/cm3,
1.40 g/cm3, 1.45 g/cm3, 1.50 g/cm3, and 1.60 g/cm3,
respectively.

0e specific test steps are as follows: (1) 0e ring knife
sample with different dry densities, together with the HAE
ceramic disc, was saturated. (2) 0e specimen, together with
the stainless steel cutting rings, was placed on the HAE
ceramic disc in the pressure cell. (3) 0e applied air pressure
was imposed on the specimen when the pressure cell was
sealed. (4)0e water drained from the samples was recorded
during the whole process of the test. When the sample stops
draining, the current suction level was considered to be
balanced. 0en, the drainage valve was closed and the ap-
plied air pressure was released. Meanwhile, it was necessary
to remeasure the weight of the sample and calculate the
corresponding water content. (5) 0e above steps were re-
peated to set the next suction level.

3.2.2. Test Results and Analysis. Figure 2 shows the exper-
imental SWCCs in the form of volumetric water content.
Obviously, water content decreases with the increase of
matrix suction, and the water content corresponding to
matrix suction less than 0.1 kPa is equivalent to the saturated
water content. For the stage of matrix suction is less than
5 kPa, the larger the initial dry density is, the smaller the
change of volumetric water content is. When the matrix
suction is in the range of 5∼80 kPa, the change rate of
volumetric water content is the largest. In addition, when the
matrix suction reaches 80 kPa, the volumetric water content
changes linearly with the matrix suction, and the dehy-
dration rates of different dry densities are approximately
equal. A summary of data used is provided in Supplementary
Table S1.

3.3. Indoor Evaporation Experiment and Determination of
ResidualWater Content. For the preparation of experiment,
a set of parallel samples was prepared the same as the
pressure plate instrument test. And then, they were placed in
laboratory (indoor temperature is about 24°C). In natural
state, the samples were subjected to double-sided exposure
and air-drying. 0e specific test procedure is as follows: (1)
0e sample with different dry densities was saturated. (2)
0e weights of sample were measured at intervals, and the
water content of the sample was calculated. (3) 0e ex-
periment was terminated until the mass of sample remained
unchangeable. Taking the mass water content as the lon-
gitudinal coordinate and the time H as transverse coordi-
nate, the variation curve of mass water content with time is
drawn, as shown in Figure 3. A summary of data used is
provided in Supplementary Table S2.

Macroscopically, water evaporation in soil refers to the
dynamic process where water changes from liquid state to
gas state, which can be divided into three stages: (1) stable
stage, (2) deceleration stage, and (3) residual stage. It can be
seen from Figure 3 that little water can be evaporated as the
evaporation time gradually lengthened. When the evapo-
ration time reached 80 h, the mass water content of the six
samples has little difference, indicating that the evaporation
behavior of soil water was finished, namely, residual stage.
Due to the adsorption of soil particles, part of the bound
water will remain in the soil after drying process, which
contributes to the existence of residual water content θr. 0e
values of θr of six samples with different initial dry densities
are shown in Table 2.

4. Model Fitting

In recent years, many scholars have done a lot of research on
SWCC and put forward many effective prediction models
and used the model to predict the SWCC. However, the
fitting results of different models of the same soil are quite
different, and most of the existing researches are dominated
by empirical models and lack of research on fractal model
fitting. In addition, the fitting characteristics of empirical
model and fractal model have not been explained. In this

Table 1: Basic physical parameters of Hunan clay.

Relative density Liquid limit (%) Plastic limit (%)
2.76 46.34 27.84
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paper, based on experimental SWCCs, the fitting results of
different models are compared by MATLAB software, and a
suitable model is suggested to fit experimental SWCCs
measured by pressure plate instrument. In addition, when
the model includes parameter θr, the influence of the limited
range of θr on the model fitting is analyzed from the data of
indoor evaporation test.

4.1. :e Fitting Analysis and Comparison of Different Models.
MATLAB software is exploited to fit SWCC by two-category
fractal model, Gardner model and VG model, respectively.

Observing the results of indoor evaporation test, the values
of θr of six samples are found to be less than 5%. For the
model with parameters θr, the range of θr is limited to
0< θr≤ 5%. 0e fitting results of different models are shown
in Figure 4; it is found that within the measured data point
range, the fractal model II-2 and the VGmodel have the best
fitting effect, fractal models I and II-1 take the second place,
and the fitting effect of the Gardner model is the worst. It
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ω

Figure 3: Variation curve of mass water content of Hunan clay
with time.

Table 2: Residual water content determined by evaporation test.
Initial dry density (g/cm3) 1.30 1.35 1.40 1.45 1.50 1.60
Mass water content, ωr (%) 2.27 2.94 2.99 3.02 2.99 2.96
Volumetric water content,
θr (%) 2.95 3.97 4.17 4.38 4.45 4.74

(a) (b)

Figure 1: Test steps for pressure plate instrument.
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Figure 2: Measured values of SWCCs of Hunan clay with different
initial dry densities.
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shows that the fractal model II-2 and the VG model are
suitable for fitting the data obtained from the pressure plate
instrument test. In addition, Gardner model fails to accu-
rately characterize the relationship between volumetric
water content and matrix suction in the low suction range.
When matrix suction is in the range of 5∼1200 kPa, the
fitting results of the fractal and VG model have little dif-
ference. However, when the matrix suction reaches
1200 kPa, the fitting results of different models are signifi-
cantly different. Five models fail to show a trend that water
content will tend to zero as suction increases. Compared
with the indoor evaporation experiment data, it is found that
the SWCC of high suction cannot be predicted accurately
due to the limit of test data. 0e values of θr obtained by
fractal model I and Gardner model are in good agreement
with the results of indoor evaporation test, but the fitting
results of fractal model I are greatly effected by dry density.
Note that the data points less than the air-entry value ψa
(ψ >ψa) should be ignored in the fitting process of fractal
model, while those data are considered for empirical model.
A summary of data used is provided in Supplementary
Tables S3–S8.

0e correlation coefficients R2 obtained from the fitting
results of different SWCC models are shown in Table 3. It
can be found that R2 of the fractal model II-2 and the VG
model is the highest, the fractal model II-1 and the fractal
model I are the second, and the Gardner model is the lowest.

Meanwhile, the values of R2 of fractal model II-2 are higher
than those of II-1, indicating that the fitting accuracy of the
fractal model can be improved effectively when θr is
considered.

4.2. Effect of Initial Dry Density on Model Parameters.
Table 4 shows the model parameter fitting values at different
initial dry densities. It can be seen from Table 4 that the
variation law of different model parameter values with the
increase of initial dry density is quite different. For the
Gardner model, the value of parameter a decreases with the
increase of the initial dry density, while the value of pa-
rameter λ increases with the initial dry density increases. For
the VG model, the fitting values of parameter a and m
decrease with the increase of initial dry density and the value
of parameter p increases with the increase of initial dry
density.

Table 5 shows the fitting values of fractal parameters at
different initial dry densities, in whichD is fractal dimension
and ψa denotes the air-entry value (kPa). From Table 5, it can
be found that ψa increases as initial dry density increases,
resulting from the fact that the larger the initial dry density
is, the higher the soil compactness is and the harder the soil
loses water at low suction. At the same initial dry density, the
fitting values of ψa have little difference in the three models.
For the values of D, there are some differences of fitting
results in different models. However, with the increase of
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Figure 4: Fitting diagram of SWCC with initial different dry densities.
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initial dry density, the value of D changes insignificantly,
indicating that the initial dry density has little effect on D.

4.3.:e Effect of ResidualWater Content on theModel Fitting.
0e dependence of various models (fractal model II-2,
Gardner’s model, and VG model) on the limit range of θr is
shown in Figure 5. θr is limited in 0< θr≤ 5% and θr> 0,
respectively. When matrix suction is less than 1200 kPa, the
fitting results of the different models are the same and the
limited range of θr has little effect on the fitting results.
Meanwhile, the fitting accuracy of fractal model II-2 and VG
model is better than that of Gardner’s model. However,
when the matrix suction is beyond 1200 kPa, the limited
range of θr has significant influence on the fitting results, in
which the fitting results of model with θr in the range of
0< θr≤ 5% are better than those of model with θr in the range
of θr> 0. 0erefore, the reasonable limit range of θr can
effectively improve the fitting accuracy in the high suction
range (ψ > 1200 kPa). Among the three models analyzed, the
Gardner model has the best prediction results for high
suction range. A summary of data used is provided in
Supplementary Tables S9–S14.

Table 6 shows the fitting and measured values of re-
sidual water content at different initial dry densities. θr in
Table 6 denotes the measured value of residual water
content. θr1 and θr2 are the fitting value of residual water
content values and correspond to the fitting results of
limited range and unlimited range, respectively. As can be
seen from Table 6, the error between θr2 and θr is greater
than that between θr1 and θr, but there is still a great
difference between the values of θr1 and θr. In addition, the
measured θr increases with the increase of the initial dry
density of the sample, while θr1 according to the model
fitting remains basically unchanged, and there is no such

rule, which may be caused by the lack of high suction
range measured with the model fitting.

In Figure 4, the limited range of θr has little effect on the
model fitting when the matrix suction is less than the matrix
suction of experimental data. When the matrix suction is
beyond the maximum matrix suction of experimental data,
the limited range of θr can significantly improve the fitting
accuracy of model to a certain extent, but still has significant
difference with actual situation. Meanwhile, at high suction
range, the limited range of θr can only predict the general
trend of SWCCs, it cannot accurately describe the rela-
tionship between the matrix suction and the water content.
In conclusion, the prediction accuracy of models has great
dependency on the range of experimental data.

4.4. Discussions. Based on experimental SWCCs, the fitting
results of fractal models (fractal models I and II) and
existing empirical models (Gardner’s and VG model) are
compared. It is found that the fitting results of fractal
model II-2 and VG model are similar in the range of
measured suction and have the best coincidence degree
with the measured value, while that of Gardner model is
the worst. During the full range of suction, when suction
exceeds the measured value (1200 kPa), the difference of
fitting results of different models increases gradually with
the increase of suction. However, due to the lack of
measured data in the range of high suction section, the
fitting effect in this range is hard to be accurately judged.
0erefore, this paper indirectly evaluates the fitting effect
of different models in high suction range by comparing
the difference between the fitting and measured values of
residual water content. Meanwhile, the influence of the
limited range of residual water content on the fitting

Table 3: Correlation coefficients R2 determined by model fitting.

Dry density (g/cm3) Fractal model I Fractal model II-1 Fractal model II-2 Gardner’s model VG model
R2 R2 R2 R2 R2

1.30 0.9584 0.9736 0.9874 0.9384 0.9849
1.35 0.9687 0.9702 0.9827 0.9361 0.9722
1.40 0.9614 0.9640 0.9766 0.9173 0.9686
1.45 0.9632 0.9710 0.9724 0.9190 0.9806
1.50 0.9746 0.9798 0.9841 0.9641 0.9870
1.60 0.9870 0.9829 0.9982 0.9488 0.9983

Table 5: 0e fractal dimension D and the air-entry value ψa de-
termined by model fitting.

Dry density
(g/cm3)

Fractal model I Fractal model II-
1

Fractal model
II-2

D ψa (kPa) D ψa (kPa) D ψa (kPa)
1.30 2.952 1.502 2.887 2.102 2.869 2.256
1.35 2.954 2.880 2.893 3.515 2.876 3.663
1.40 2.955 6.103 2.893 6.678 2.876 6.789
1.45 2.959 7.701 2.901 8.154 2.886 8.217
1.50 2.961 16.280 2.908 15.850 2.894 15.710
1.60 2.968 61.830 2.9230 57.230 2.910 64.640

Table 4: Model parameters value with different initial densities
determined by fitting.

Dry density (g/cm3)
Gardner’s
model VG model

a λ a m p
1.30 0.1134 0.3622 1.2440 11.2600 0.0089
1.35 0.0797 0.3874 0.3619 8.1920 0.0235
1.40 0.0647 0.4069 0.2636 7.5150 0.0263
1.45 0.0518 0.4184 0.2714 3.1110 0.0346
1.50 0.0415 0.4318 0.1741 2.0780 0.0519
1.60 0.0212 0.4878 0.0973 1.4790 0.0677
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accuracy is analyzed (see Figure 5). 0e results show that
the fitting results of different models from limited test data
in high suction range are far from the actual situation, and
the limitation of the residual water content range can only
improve the fitting accuracy in high suction range to a
certain extent. 0erefore, it is suggested that the measured
data in high suction range should be appropriately added
when it is necessary to obtain the accurate fitting curve
over full suction range (especially the high suction range).
In addition, compared with empirical models, fractal
models contain less parameters with obvious physical
significance, and much workload can be reduced in the
fitting process.

5. Conclusion

0is paper discusses the difference between two kinds of
fractal models and the existing empirical models (Gardner’s
and VGmodel) in fitting SWCC over full suction range. 0e
main conclusions are presented as follows:

(1) Based on limited experimental SWCCs of Hunan
clay, the fitting results of different models show
that when the suction is in the range of measured
data, the fitting results of five models have little
difference, where fractal model II-2 and VG
model are the best, followed by the fractal models
I and II-1, and those of the Gardner model are the
worst. When the suction is beyond the range of

Table 6: 0e fitting value and the measured value of residual water content θr.

Dry density (g/cm3)
Gardner’s model VG model Fractal model II-2

Measured value
0< θr≤ 5% θ r> 0 0< θr≤ 5% θ r> 0 0< θr≤ 5% θ r> 0
θr1 (%) θr2 (%) θr1 (%) θr2 (%) θr1 (%) θr2 (%) θr (%)

1.30 7.50 27.60 14.10 18.70 13.80 23.30 2.90
1.35 7.50 29.00 15.00 24.20 15.00 21.50 3.90
1.40 7.50 29.90 15.00 26.20 13.50 21.80 4.10
1.45 7.50 30.50 17.00 27.00 16.00 21.50 4.30
1.50 7.50 31.90 17.60 26.10 17.80 21.30 4.50
1.60 7.50 32.50 19.80 23.80 20.00 22.30 4.80
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Figure 5: Fitting comparison diagram of limited and unlimited residual water content models.
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measured data, the difference of fitting results of
different models increases gradually as suction
increases.

(2) As for the model with parameter θr, the limit of
residual water content range can only improve the
fitting accuracy in high suction range to a certain
extent. If an accurate fitting curve over whole suction
range (especially the high suction range) is
demanded, more experimental SWCCs of high
suction should be appropriately added.

(3) 0eD andψa values obtained by fractalmodel show that
there is some difference in D between different models.
In addition, the initial dry density has insignificant effect
onD but has an obvious effect on ψa; its value increases
with the increase of the initial dry density.
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SWCCs of Hunan clay with different initial dry densities). S2:
this table is corresponding to Figure 3 (variation curve of mass
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(fitting diagram of SWCCs with initial different dry densities).
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corresponding to Figure 4(e) (fitting diagram of SWCCs with
initial different dry densities). S8: this table is corresponding to
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