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Current research theories on acid-contaminated soils indicate that acids can alter the physical properties of soils, which in turn can
affect their engineering mechanical properties. However, compressibility, one of the most important mechanical properties of
loess, may be affected by acidic substances. To investigate the influence of acid on the compression properties of loess, this study
uses a uniaxial compressor to investigate the changes of compression properties of loess under different acid concentrations and
different acid immersion times and attempts to predict the causes of macroscopic compressibility changes from the microscopic
pore changes of acid-etched loess. +e test results show that when the soaking time is the same, the hydrochloric acid con-
centration increases from 0 to 3.0mol/L, the compression coefficient Cc increases by 43.20–87.5%, and the compression yield
stress σpc decreases by 51.36–60.86%; when the concentration of hydrochloric acid is the same, the soaking time increases from 1
day to 12 days, the compression coefficient Cc increases by 119.05–197.46%, and compressive yield stress σpc decreases by
10.67–22.02%. +e microscopic images of loess soaked for 12 days at 3.0mol/L hydrochloric acid concentration were compared
with those of the original loess. +e percentages of micropore, small pore, mesopore, and macropore areas of original loess were
20.90%, 79.10%, 0%, and 0%, respectively. +e percentages of micropore, small pore, mesopore, and macropore areas of acid-
etched loess were 6.24%, 37.21%, 1.14%, and 55.40%, respectively. +e enhancement of the compressive properties of acid-etched
loess is the result of the coupling of acid concentration and soaking time, and the change of macroscopic compressive properties
may be related to the increase of microscopic macropore area after acid erosion.+e results of this study can be used as a reference
for the study of soil mechanical properties in acid-contaminated soils.

1. Introduction

Loess sediments result from wind-formed accumulation and
consist mainly of fine sand and clay, rich in calcium car-
bonate [1]. Loess is found in Asia, Europe, South America,
and parts of North America [2–5]. +ere is an area of
631,000 km2 of soil in China that is covered by loess, and
properties such as loose and porous loess, vertical joint
development, and water sensitivity make the loess engi-
neering studies complex [6]. Meanwhile, these areas are
prone to produce a series of loess natural and secondary
disasters, such as landslides [7–11]. +e properties exhibited

by loess under the influence of external forces, which mainly
include the compression and shear resistance of loess, that is,
the deformation and strength characteristics of loess, are an
important part of the engineering properties of loess, which
are related to the stability and safe use of engineered
buildings.

+e compressibility of loess refers to its ability to deform
in compression with volume reduction under pressure,
which is mainly due to the extrusion of water and gas in the
pores under the action of external pressure. +e solid
particles of loess move close to each other, and the pores
between particles gradually reduce.

Hindawi
Advances in Civil Engineering
Volume 2021, Article ID 6614391, 12 pages
https://doi.org/10.1155/2021/6614391

mailto:18209074021@stu.xust.edu.cn
https://orcid.org/0000-0002-4638-3882
https://orcid.org/0000-0001-7945-8767
https://orcid.org/0000-0002-8871-4117
https://orcid.org/0000-0002-9632-1882
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6614391


Compressibility testing of loess is usually carried out
indoors using a uniaxial compressor. A parametric rela-
tionship between the porosity ratio of loess and stress is used
to convert and characterize the compressibility of loess, and
a loess CCC is plotted from the loess confined compression
test (CCT), wherein the CCC generally has two distinct
regions that can be approximated by two straight lines
[12, 13], one being the swelling curve (SL) and the other
being the virgin compression line (VCL). +e intersection of
the two curves, namely, the CCC and SL, is called the
compressive yield stress, which is also called the prior
consolidation pressure for natural structural loams, where
SL characterizes the elasticity of the loam and VCL char-
acterizes the plasticity of the loam [14, 15], By calculating the
slope of the VCL, it is possible to obtain the compression
index Cc, which is an important indicator of the com-
pressibility of constant-volume loess. +e higher the com-
pression index, the more compressible the soil [16–19]. +e
level of compressibility of loess soil is determined by its own
properties, including its particle size composition, mineral
composition, structural configuration, water content, and
density. Further, it is also governed by external environ-
mental factors, such as the amount of external pressure, rate
of pressurization, dynamic load action, acidic and alkaline
substances, and temperature.

With an increase in urbanization and industrialization,
the acidic and alkaline wastewater produced by factory
enterprises change the physical andmechanical properties of
the soil [20–22]. Chemical wastewater from industries in-
filtrates into the soil, thereby causing serious pollution. +is
pollution involves complex chemical reactions between the
soil and pollutants, thus changing the properties of the soil in
different environments. Among these, acidic pollution leads
to a number of problems, such as structural aspects of the
soil, bulging of slabs, and foundations [23, 24]. Such acidic
contaminants may originate from metal leaching, petroleum
refining, paper industry, and dye factories. Chemical con-
taminants leak into the ground and may cause deformation
of foundations, and acids can react violently with carbonate
materials in loess to produce salts, carbon dioxide, and
water. Carbonate materials in loess predominantly con-
tribute to its chemical properties, and the physical and
mechanical properties of loess may change when acidic
substances enter the loess [25, 26].

In this study, we investigated the compressive properties
of loess under different concentrations of hydrochloric acid
and different immersion times of acid in a compressed
chamber. In addition, we studied the effect of acid on the
pore size of loess with the help of a scanning electron
microscope.

2. Materials and Methods

2.1. SamplePreparation. Loess materials were obtained from
the toe of a slope in Lintong County, Xi’an City, Shaanxi
Province. +ese samples are tawny, rich in vertical joints, and
low in natural moisture content, and show good uniformity
and high levels of compaction. +e basic physical properties of
the loess test results are listed in Table 1. +e specific gravity,

natural density, and water content of the soil, carried out in
accordance with Standard GB/T 50123, were 2.68, 16.5 kN/m3,
and 17.6%, respectively. +e liquid and plastic limits were
measured as ωL� 31.3% and ωP� 19.4%, respectively. All
samples of natural undisturbed loess were made with standard
ring cutters on-site, and the required size was 79.8mm in
diameter and 20mm in height. For the undisturbed loess ring
knife sample prepared in the field environment, it was sealed
with plastic wrap, placed in a sealed box, appropriately stored,
and transported to the laboratory.

+e following test was conducted on the loess sample:
the undisturbed loess ring knife sample taken from the
sampling site was immersed in a hydrochloric acid solution,
and the acid-contaminated erosion sample under normal
laboratory conditions was simulated. Before soaking in the
acid solution, the samples were wrapped and numbered. A
schematic diagram of the sample design and the physical
drawing is shown in Figure 1. +e upper and lower sides of
the sample were pasted with filter paper with medium
permeability, and two permeable stones were added. +e
most outer part of the sample is wrapped with corrosion-
resistant polypropylene cloth and tied tightly with rubber
bands. +e purpose is to make the acid evenly penetrate into
the soil sample during the soaking process, and the soil
particles will not disintegrate and lose.

+e processed samples were soaked solutions that
consisted of equal volumes of distilled water and hydro-
chloric acid solutions with concentrations of 0.1, 0.5, 1, 2,
and 3mol/L. +e soaking times were 1, 3, 6, 9, and 12 days,
with a total of 30 samples, as shown in Figure 1. +e
container used for preparing the hydrochloric acid im-
mersion solution was a glass beaker of 500mL, and the
volume of immersion solution corresponding to each
concentration was 200mL.

2.2. Confined Compression Test (CCT). +e test in this study
was performed using a single lever triplex high-pressure
oedometer at the Xi’an University of Science and Tech-
nology, China. +e test procedures for all mechanical tests
followed these standards [27–29].

A rapid compression method was used to perform the
compression test on acid-etched samples. +en, they were
weighed prior to the CCT. Vertical normal stresses, σ, of 50,
100, 200, 300, and 400 kPa were applied sequentially. Each
stress was applied for 60min and the displacement (accu-
racy± 0.01mm) was read at the end of each loading interval
(without recovery). +e standard for compression stability is
that the vertical displacement of the sample within two hours
is less than 0.002mm.

When the CCTwas completed, the samples were dried in
an oven at 105°C for at least 48 h and weighed again to
determine the water content and bulk density. From the
recorded displacement, d, the void ratio, e, was calculated as

e �
ρs
ρd

H0 − d

H0
− 1, (1)

where ρs is the particle density, ρd is the initial bulk density,
and H0 is the initial height of the loess.
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+e compressive behaviour of soil, represented by the
CCC, is then expressed in a semi-logarithmic diagram, that
is, as a relationship between the logarithm of applied stress,
σ, and the void ratio, e. When expressed in an e − log σ
diagram, the compaction characteristic has two distinct
regions that can be approximated by two lines: the swelling
(or recompression) line (SL) and the VCL. +is approxi-
mation represents an elastoplastic model. +e point of in-
tersection between SL and VCL is referred to as the
precompression stress, σpc. +e compression curve contains
three important soil compression properties: the swelling or
recompression index, C s, the compression index, C c, and
the precompression stress, σ pc, whereC s is equal to the slope
of the SL and C c is equal to the slope of the VCL. Exper-
imental soil compression data (σ, e) were fitted to the
Gompertz [30] equation as proposed by Gregory et al. [26]
using nonlinear least squares fitting:

e � a + c exp − [b(log σ − ξ)]􏼈 􏼉, (2)

where a, b, c, and ξ are adjustable parameters, and log is the
logarithm function to the base of 10.

+e precompression stress, σpc, was estimated as the
stress at maximum curvature of the compression curve. Note
that this will result in slightly lower values for σpc when
compared to the values obtained using the Casagrande [31]
method. +e curvature function, κ, is given by Gregory et al.
[26]:

κ �
d2e/d(log σ)

2

1 +(de/d(log σ))
2

􏽨 􏽩
3/2, (3)

where the first and second derivatives of equation (2) are
given as follows:

de

dlog σ
� [bc exp(− (exp(b(log σ − ξ))))]

· [− exp(b(log σ − ξ))],

(4)

d2e
d(log σ)

2 � b
2
c exp(− (exp(b(log σ − ξ))))􏽨 􏽩

· [exp(b(log σ − ξ))][exp(b(log σ − ξ)) − 1].

(5)

+e maximum κ and the corresponding σ (i.e., σ at
maximum κ� σpc) were then determined numerically.

2.3. SEMTests. To investigate the corrosion characteristics of
acid on loess microscopic pores, a sample containing un-
disturbed loess and another sample that has been corroded
by 3mol/L of strong hydrochloric acid for 12 days were
prepared. +ose samples were placed in a drying oven (the
temperature was set to 105°C; the time was 8 h), and the
drying was complete. +e sample was carefully cut with a
knife into a cylindrical sample with a diameter of 2 cm and a
height of 2 cm. In order to increase the hardness of the
sample and obtain better scanning results, a curing agent was
slowly dropped into the sample to solidify and harden the
sample. +e curing agent was composed of epoxy resin,
acetone, ethylenediamine, and phthalic acid. In the butyl
ester solution (100 : 200 : 6 : 2), the complete curing agent
penetrated the sample, and it was allowed to dry naturally at
room temperature for 48 h to fully cure the sample. A
polishing machine was used to grind and polish the surface
to be scanned. In order to increase the conductivity of the

Table 1: Physical property index of the natural undisturbed loess samples.

Water ratio ω
(%)

Natural density
ρ (g/cm3)

Specific gravity
Gs

Liquid limit ωL
(%)

Plastic limit ωp
(%)

Plastic index Ip
(%)

Liquidity index IL
(%)

17.6 16.5 2.68 31.3 19.4 12 − 0.15

Φ79.8 × 20mm

�e loess
sample

Standard 
pervious

stone

Filter paper

Ring knife

Rubber band

(a) (b)

Figure 1: Schematic diagram of sample and object. (a) Test soil sample design. (b) Sample drawing.
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sample soil, ion sputtering of platinum (Pt) was imple-
mented. Image collection was carried out using a Quanta
FEG scanning electronmicroscope system, manufactured by
the American FEI company. +ereafter, image processing
was performed using the publicly available software pro-
gram, namely, Particles (Pores) and Cracks Analysis System
(PCAS) [32, 33].

3. Results and Discussion

3.1. Confined Compression Curve (CCC). +e acid-etched
loess is compressed by the acid concentration and soaking
time; the converted porosity e and the vertical load σ are
determined. Further, the half logarithmic coordinate curve
e − log σ is plotted, and the curve is the CCC of acid-etched
loess (Figure 2).

For an acid immersion time of 1 day (Figure 2(a)), the
initial pore ratio e0 of the sample was different for different
acid concentrations, which showed that as the acid con-
centration increased (0–3.0mol/L), the initial pore ratio e0 of
the sample increased, and the position of the CCC also
showed a certain regularity; the higher the acid concen-
tration, the higher the position of the CCC. As the im-
mersion time increased, the distance between the CCC of the
samples for each acid concentration also widened. +e
spacing between the curves in Figure 2(e) is significantly
wider than that in Figure 2(b). For the same acid concen-
tration, the CCC of the samples increased with increasing
immersion time and the higher position of the curves, as
shown in Figures 3(f )–3(j).

3.2. Compression Index Cc. +e value of the compression
index Cc can be calculated from the slope of the VCL in the
CCC.We considered the sample CCC with a soaking time of
12 days and an acid concentration of 3mol/L as an example
to calculate the compression index Cc value, as shown in
Figure 3. We calculated the slope d of VCL to be − 0.423 and
considered the absolute value of the slope d to obtain the
value of the compression index Cc of the sample. According
to this method, the compression index Cc value and the
compression index Cc of the remaining groups of samples
(hydrochloric acid concentrations of 0.1, 0.5, 1.0, 2.0, and
3.0mol/L, immersion times of 1, 3, 6, 9, and 12 days) were
sequentially calculated. +ese values are listed in Table 2.

It can be seen from Table 2 that, for the sample immersed
in the acid solution for 1 day, as the acid solution con-
centration increased from 0.1mol/L to 3.0mol/L, the
compression index Cc value increased from 0.118 to 0.210;
the increase, which is ΔCc, was 0.092, and the increase ratio
was 177.97%. For the acid solution immersed for 12 days, as
the acid concentration increased from 0.1mol/L to 3.0mol/
L, the compression index Cc value increased from 0.351 to
0.460; the increase, that is, ΔCc, was 0.109, and the increase
ratio was 131.05%. From another perspective, the sample
with a concentration of 0.1mol/L immersed in an acid
solution, as the immersion time increased from 1 day to 12
days, the value of the compression index Cc increased from
0.118 to 0.351; the increase inΔCc was 0.233, and the increase

ratio was 297.46%. Finally, the sample with an acid con-
centration of 3.0mol/L was immersed. As the immersion
concentration increased from 1 day to 12 days, the value of
the compression index Cc increased from 0.210 to 0.460, the
increase in ΔCc was 0.250, and the increase ratio was
219.05%. It can be concluded that as the immersion time
increased and the acid concentration increased, the com-
pression index Cc of loess gradually increased. +is increase
in value could be attributed to the coupling of the acid
concentration and the immersion time.

To characterize the influence of the acid concentration
and immersion time on the change in the compression index
of loess samples, the compression index Cc values listed in
Table 2 were linearly fitted to obtain the result shown in
Figure 4, and the fitting equation is provided in Table 3. +e
horizontal axis is the acid concentration, and the vertical axis
is the compression index Cc. It can be seen from the figure
that the linear relationship between the sample compression
index Cc and the acid concentration showed a positive
correlation. +e acid concentration ranges from 0.1, 0.5, 1.0,
2.0, and 3.0mol/L gradually increased, and the corre-
sponding compression index values (Cc) also increased with
a positive correlation. +e range of equation fit R2 was
between 0.811 and 0.952. +e horizontal axis is the number
of immersion days t, and the vertical axis is the compression
index Cc. +e result of linear fitting of the data points is
shown in Figure 5. +e linear relationship between the
compression index Cc of the sample and the immersion time
showed a positive correlation. +e fitting equation is pro-
vided in Table 3. +e immersion times were gradually in-
creased from 1, 3, 6, 9, and 12 days, and the corresponding
compression index values (Cc) also increased in a positive
relationship, and the R2 range of the fitted equation was
between 0.652 and 0.858.

3.3. Compressive Yield Stress σpc. +e value of the com-
pressive yield stress σPC is generally determined by the
intersection of the swelling line (SL) and the CCC. As shown
in Figure 6, the value of the initial consolidation stress Pc of
the undisturbed loess was similar to the value at this point.
To determine the compressive yield stress, initially, the
angular bisector of the horizontal asymptote and SL is de-
termined; the intersection of the VCL and this angular bi-
sector is Q, and the abscissa of Q is the value of the desired
compressive yield stress. +e value corresponding to this
inflection point of acid-corroded loess is considered to be a
turning point of the soil sample’s elasticity to plasticity, and
it is also considered to be the failure point of the soil
compression structure, which is of great significance to the
study of the compression characteristics of acid-corroded
loess. Because the method of determining the compressive
yield stress by the method of intersection of the SL and CCC
tangents is subjective in the selection of the tangent, it is
subjectively chosen to approximate the line segment be-
tween, and hence, there is still a certain error. +is study
intends to use the mathematical nonlinear fitting method,
wherein the parameters of equation (2) are determined;
then, the first and second derivatives (equations (3) and (4))
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Figure 2: Continued.

Advances in Civil Engineering 5



t = 1d
t = 3d
t = 6d

t = 9d
t = 12d

V
oi

d 
ra

tio
 e

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
log σ (kPa)

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

cHCl = 0.1mol/L

(g)

t = 1d
t = 3d
t = 6d

t = 9d
t = 12d

V
oi

d 
ra

tio
 e

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
log σ (kPa)

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

1.05

cHCl = 0.5mol/L

(h)

t = 1d
t = 3d
t = 6d

t = 9d
t = 12d

V
oi

d 
ra

tio
 e

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
log σ (kPa)

0.7

0.8

0.9

1.0

1.1

1.2

cHCl = 1.0mol/L

(i)

t = 1d
t = 3d
t = 6d

t = 9d
t = 12d

V
oi

d 
ra

tio
 e

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
log σ (kPa)

0.7

0.8

0.9

1.0

1.1

1.2

1.3

cHCl = 2.0 mol/L

(j)

Figure 2: Continued.
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are solved and combined with the curvature calculation
formula to obtain the value of the compressive yield stress
(equation (5)).

+e value of the compressive yield stress can be calcu-
lated using the expression listed in Table 4. +e values of the
compressive yield stress varied from 48.733 kPa to
128.529 kPa. +e data are plotted as a function of the
compressive yield stress and the immersion time and acid
concentration. As shown in Figure 7, the shapes of the curves

are similar, but there are differences. +e compressive yield
stress value decreased with increasing acid concentration,
and the curve gradually followed a decreasing trend as the
immersion time increased, indicating that the compressive
yield stress value of the sample changed from large to small.
It can be concluded that the value of compressive yield stress
decreases with the increase in immersion time and acid
concentration. +e higher the acid concentration, the lower
the stress value required to compress a loess specimen for
structural failure, and the increase in acid immersion time
contributes to this reducing effect.

3.4. SEM Test Results. +e images of the undisturbed loess
sample and the strong acid corrosion sample (hydrochloric
acid concentration 3mol/L, soaked for 12 days) in the
scanning electron microscope at 500x magnification are
shown in Figures 8 and 9. As illustrated in Figure 8, a large
number of quartz particles are distributed in the undisturbed
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Figure 2: Compression curve e − log σ of different samples. (a) +e acid immersion time is 1 d and the CCC under different acid con-
centrations. (b)+e acid immersion time is 3 d and the CCC under different acid concentrations. (c)+e acid immersion time is 6 d and the
CCC under different acid concentrations. (d) +e acid immersion time is 9 d and the CCC under different acid concentrations. (e) +e acid
immersion time is 12 d and the CCC under different acid concentrations. (f )+e acid concentration is 0mol/L (distilled water), and the CCC
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different acid immersion time. (j) +e acid concentration is 2.0mol/L, and the CCC under different acid immersion time. (k) +e acid
concentration is 3.0mol/L, and the CCC under different acid immersion time.
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index Cc.

Table 2: Compression index Cc of loess samples under different
acid erosion concentrations and times.

cHCl (mol·L− 1)
Time t (d)

1 3 6 9 12
0 (distilled water) 0.112 0.242 0.268 0.279 0.287
0.1 0.118 0.238 0.278 0.298 0.351
0.5 0.126 0.288 0.311 0.319 0.360
1 0.149 0.320 0.324 0.339 0.414
2 0.153 0.341 0.346 0.346 0.423
3 0.210 0.367 0.384 0.411 0.460

Advances in Civil Engineering 7



loess. +e particles are in the form of irregular polygons; the
surfaces of the particles are relatively flat and smooth, and
there are natural pores of different sizes between the par-
ticles. After acid corrosion of the loess sample (Figure 9), it is
obvious from the figure that there are large corrosion pores
on the surface of the soil sample, and there are some sporadic
small pores. Compared with the undisturbed loess, the
number of pores increased significantly. +ere were many
corrosion holes and corrosion pits on the surface of quartz
particles; the particles became small in size, and the surface
was rough.

In order to investigate the influence of acidic substances
on the pore characteristics of loess, the pore characteristics
of loess samples were analyzed using the PCAS image
processing software after SEM test. +e pore images of the
samples were imported (Figure 10(a) for undisturbed loess
and Figure 10(d) for acid-etched loess), and the pore images
of the samples were binarized. +e white area represents
pores, and the black area represents particles. +e following
text describes the method of calculation [34, 35].

As for the classification of micropores in rock and soil
mass, scholars have adopted different classification stan-
dards. [36, 37] +e pores of acid etched loess are classified
statistically by using the classification method of scholar Lei
[38].

+e pores of the soil were divided into the following four
types according to the radius and microporosity
(0 μm<R≤ 1 μm), small pores (1 μm<R≤ 4 μm), medium
pores (4 μm<R≤ 16 μm), and large pores (R> 16 μm).
Figure 11 provides the relationship between the distribution
of the number of pores and area ratios of different sizes of the
original loam and acid-etched loam, corresponding to the
line and histogram, respectively. From the pore number
distribution line diagram, the curve of the acid-etched loam
is above the original loam, in the range of microporosity (0-
1 μm); the number of microporosities of the acid-etched

loam is 149, the number of microporosities of the original
loam is 39, in the range of small pores (1–4), the number of
small pores in the acid-etched loess is 307, the number of
small pores in the original loess is 49, the number of medium
pores in the range of medium pores (4–16 μm), the number
of medium pores in the acid-etched loess is 1, the number of
medium pores in the original loess is 0, the number of large
pores in the range of large pores (>16 μm), the number of
large pores in the acid-etched loess is 3, and the number of
large pores in the original loess is 0. It can be seen that the
number of pores in the sample of loess etched by acid so-
lution increased significantly; in particular, the number of
micropores and small pores increased by a large amount
(0–4 μm); the acid-etched loess was also present in 3 pores of
larger diameter, which indicated that there was an inter-
action between the acidic substances and soil; further, this
also indicated a chemical corrosion reaction that caused
small soluble substances from the loess body, thus forming a
large number of small pores. Moreover, these small pores
not only existed, but also formed many small pores between
particles. When an increasing number of small pores are
produced on the surface of the particles, under the action of
acidic solutions and their own gravity, the pore walls be-
tween the small pores gradually disappear; this leads to the
conversion of small pores into larger pores, resulting in
obvious dissolution of small pores.

From the histogram of the pore area of each pore di-
ameter, we can see that the original loess pores are mainly
distributed in the range of pore diameters of micropores and
small pores. In this case, the micropore area accounts for
20.90% of the total area of the original loess pore; the small
pore area accounts for 79.10% of the total area of the original
loess pore. Further, the acid-etched loess pores are dis-
tributed in the micropores, small pores, medium pores, and
large pores, in which the small pore area accounted for
37.21%, the medium pore area accounted for 1.14%, and the
large pore area accounted for 55.41%. For each pore di-
ameter, the pore area ratio data reflect that the original loess
sample with small pore occupies the largest area, and the
acid-etched loess large pore area accounted for the most,
indicating that after the action of acidic substances of the
loess body the pore area of large pores gradually increased
the proportion of the pore area. +e acidic material reacts
with the loess body and gradually expands the original small
pores into large pores. +e acid-etched loess with many
pores was compressed under different vertical loads, and the
large pores were compressed and destroyed by the load, and
the small pores gradually contracted.

In this study, we investigated the effect of acid con-
centration and immersion time on the compressibility of
loess from the point of view that acid may affect the me-
chanical properties of loess. Six concentrations were selected
in the range of 0–3mol/L hydrochloric acid, and the im-
mersion time was set from 1 to 12 days, and the specimens
were taken out at 1, 3, 6, 9, and 12 days for the confined
compression test. +e compressibility of acid-etched loess is
enhanced compared to the original loess, and the en-
hancement magnitude is related to the immersion time and
acid concentration.
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Figure 4: Variation in compression index values with acid
concentration.
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+e macroscopic compressive mechanical property of
acid-etched loess may be related to the change of the number
and area of microscopic pores, and the results meet the ideal
expectation.+e test results show that when the soaking time
is the same, the hydrochloric acid concentration increases
from 0 to 3.0mol/L, the compression coefficient Cc increases

Table 3: +e linear fitting equation for the compression index Cc, soaking time, and acid concentration.

Acid soaking time t (d) Linear fitting equation R2 Acid concentration cHCl (mol·L− 1) Linear fitting equation R2

1 Cc � 0.112 + 0.029cHCl 0.926 0 (distilled water) Cc � 0.156 + 0.013t 0.652
3 Cc � 0.253 + 0.042cHCl 0.894 0.1 Cc � 0.143 + 0.018t 0.858
6 Cc � 0.279 + 0.036cHCl 0.952 0.5 Cc � 0.175 + 0.017t 0.700
9 Cc � 0.291 + 0.037cHCl 0.924 1 Cc � 0.192 + 0.019t 0.741
12 Cc � 0.331 + 0.047cHCl 0.811 2 Cc � 0.206 + 0.019t 0.677
N/A N/A N/A 3 Cc � 0.250 + 0.019t 0.778
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Table 4: Compressive yield stress σpc of loess samples under
different acid erosion concentration and time.

cHCl (mol·L− 1)
Time t (d)

1 3 6 9 12
0 (distilled water) 128.529 130.918 126.183 126.009 100.231
0.1 98.628 96.605 92.470 89.331 85.114
0.5 89.125 85.310 84.333 81.846 79.616
1 72.946 70.795 69.502 66.527 61.518
2 73.282 72.778 69.663 52.481 53.951
3 56.624 54.325 50.933 49.317 48.753
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Figure 7: Compression yield stress change curve.
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Figure 8: Original scanning electron microscope image of un-
disturbed loess (magnified 500x).
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Figure 9: Original scanning electron microscope image of acid-etched loess (magnified 500x), HCl concentration 3mol/L, and immersion
time of 12 days.
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Figure 10: Binarization and pore extraction of microscopic images of loess specimens. SEM images of undisturbed loess: (a) original,
(b) with binary image processing, and (c) with vectorization. SEM images of acid-etched loess: (d) original, (e) with binary image
processing, and (f ) with vectorization.
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by 43.20–87.5%, and the compression yield stress σpc de-
creases by 51.36–60.86%; when the concentration of
hydrochloric acid is the same, the soaking time increases
from 1 day to 12 days, the compression coefficient Cc in-
creases by 119.05–197.46%, and compressive yield stress σpc
decreases by 10.67–22.02%. +e microscopic images of loess
soaked for 12 days at 3.0mol/L hydrochloric acid concen-
tration were compared with those of the original loess. +e
percentages of micropore, small pore, mesopore, and
macropore areas of original loess were 20.90%, 79.10%, 0%,
and 0%, respectively. +e percentages of areas of acid-etched
loess were 6.24%, 37.21%, 1.14%, and 55.40%, respectively.
+e enhancement of the compressive properties of acid-
etched loess is the result of the coupling of acid concen-
tration and soaking time, and the change of macroscopic
compressive properties may be related to the increase of
microscopic macropore area after acid erosion.

Loess contains a large number of salts and calcium
carbonate, and when the acid enters the loess, it reacts
chemically with these substances. +e greater the concen-
tration of acid and the longer the immersion time, the fuller
the chemical reaction, the more the salts and calcium car-
bonate in the loess are dissolved and the pores of the loess
gradually become larger. In this study, the soil compress-
ibility is enhanced under external load, and the degree of
enhancement may be related to the degree of acid corrosion.
In the present study, the enhancement of macroscopic
compressibility was investigated only by microscopic
scanning electron microscopy (SEM), and the next step is to
investigate the changes of chemical composition of loess by
acid. +e results of this study can provide a reference for the
study of mechanical properties and engineering construc-
tion of foundation soils in acid-contaminated areas, which is
of great theoretical and engineering significance.

4. Conclusion

By simulating the acid-contaminated loess specimens in an
indoor test, the compression test of acid-contaminated
specimens was conducted to investigate the characteristics of
the compression curve and compression index, compression
yield stress, and other indicators of compression charac-
teristics of loess under the influence of two factors, namely,
changes in acid concentration and acid immersion time.
Further, the scanning electron microscope images of acid-
contaminated loess and original loess specimens were ob-
tained. From the test results and data analysis results, the
following conclusions can be drawn:

(1) +e value of the initial porosity ratio e0 of the acid-
corroded loess increases with increasing acid con-
centration, and the longer the acid immersion time,
the larger the initial porosity ratio e0. +e CCC
curves of acid-etched loess have similar morphology,
and the greater the acid concentration and the longer
the immersion time, the higher the position of the
CCC.

(2) +e compressive index Cc was positively correlated
with the acid concentration. +e compressive index

Cc was also positively correlated with the increase in
soaking time from 1, 3, 6, 9, and 12 days. +e
compressive yield stress in the acid-corroded loess
decreased gradually with increasing acid concen-
tration and soaking time. +e enhanced compressive
property of the acid-corroded loess was the result of
the coupling effect between the increase in acid
concentration and the increase in soaking time.

(3) Compared with the original loess, the number of
micropores and small pores in acid-etched loess
increased, and the pores not only existed between the
particles, but also had pits and even small pores on
the surface of the particles, as well as large erosion
holes. +e appearance of these pores and holes may
be related to the increase of compression coefficient
and decrease of compressive yield stress in acid-
erosion loess, which may be the main reason for the
increase of compressibility of acid-erosion loess.
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