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Aeolian sand is an important construction material in many desert regions. In order to study its engineering properties, samples
were extracted from two sections within Yulin city, Shaanxi province of China. One set was collected from a site along the G210
highway that connects Yulin city and Inner Mongolia, and the other sampling site was along the provincial highway S204 that
connects Yulin and Jingbian city. Sieve analyses using square mesh and round mesh sieves were conducted to determine the
particle size distribution of the collected sand samples. In addition, scanning electron microscopy (SEM) and X-ray diffraction
(XRD) were used to characterize the surface microstructure and mineral composition of the sand particles, respectively. Based on
the sieve analyses results, the size distribution of the Aeolian sand particles in this region is mainly between 0.075mm and 0.3mm
with low clay content (0.69–10.3%). Also, it was found that the square mesh is more effective than the round mesh for conducting
sieve analysis of Aeolian sand, with the 0.15mm sieve identified as the key sieve size. Using the percentage passing rates in the
0.15mm square sieve as a classification index, the particle gradation of the sand particles was simplified into three classes: Class A
(less than 30%), Class B (between 30% and 60%), and Class C (more than 60%). SEM observation revealed different profile
configurations on the surfaces of the Aeolian sand particles including intensive pitting, corrosion marks, and cracks, while the
XRD results indicated the presence of quartz and feldspar in more than 95% of the entire mineral composition of the sand
particles. Minerals that are deleterious to cement and mortar used in road construction were present in negligible amounts. From
the particle size characterization, it is possible to use Aeolian sand as a subgrade material in road construction due its lower clay
content. Also, the negligible amount of minerals such as calcite and chlorite in the Aeolian sand mineral composition indicates its
potential for use in cement and mortar without causing any complex chemical reactions. /e findings of this study indicate the
possibility of utilizing the Aeolian sand deposits in Yulin area as a road construction material and also provide a theoretical guide
to encourage its widespread application in this regard.

1. Introduction

/e total land surface area of the Earth is about 57,308,738
square miles, of which about one-third is desert [1]. In
China, deserts occupy approximately 27 percent of the entire
country’s landmass which extends by nearly 500,000 miles
from northern China to southernMongolia [2]. Most part of

Inner Mongolia (an autonomous region of China) is a
plateau covered by extensive Aeolian sand deposits.

Aeolian sand refers to grains of sand that are being
eroded, transported, and deposited as a result of air
movements over Earth’s surface. Wind erosion of the sand
particles is undesirable to the environment, and according to
Li et al. [3], the particle characteristics of Aeolian sand can
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play a significant role in reducing its adverse effects on the
environment. During the formation of windblown sedi-
ments, the individual grains are transported by surface creep
(rolling), suspension, and saltation (bouncing) [4, 5], and
depending on the dominant transport process, four groups
of sand sediments can be formed—poorly sorted, moderate
to well sorted, Aeolian silt (loess), and fine-grained Aeolian
dust [6]. Elipe and López-Querol [7] collected Aeolian sand
samples from different locations and classified them using
ASTM and AASHTO classification systems. /e results
based on the ASTM system classified the sand samples into
poorly graded sand (SP) or poorly graded sand with silt (SP-
SM), whereas, in accordance with the AASHTO classifica-
tion system, the sand particles were classified as A-1, A-2,
and A-3 [7]. In China, even though variations exist in the
physical features of the sand deposits due to regional dif-
ference [8], the sands are generally poorly graded with great
uniformity, which can be due to the sorting of the wind.

To understand the origin and properties of Aeolian sand,
characterization of their mineral composition and surface
microstructure is crucial. Commonly used methods for this
purpose include the XRD technique which analyzes mineral
composition and the SEM technique which examines the
particle surface morphology [9, 10]. Aeolian sands from
different locations are mainly composed of mineral silica
and, in minority, feldspars and other minerals such as calcite
[11, 12]. /is is particularly important because quartz and
feldspars are minerals that can be exploited for numerous
industrial uses [13]. Meanwhile, SEM examination of Ae-
olian sand particles revealed that there is variability in the
mechanically and chemically formed surface textures [14].
/e surface texture and mineral composition gives an in-
dication of the weathering history of the sediments, their
origin, and type. For example, the weathering of quartz-rich
rocks, especially granites and sandstone, results in the for-
mation of dune sediments which are dominated by quartz
and feldspar [15].

For proper classification of Aeolian sand sediments, it is
also very important to understand their individual grain
properties and grain size distribution. According to El-Sayed
[16], air-transported grains are generally rounded, because
the grains are intensively subjected to pitting and become
rounded quickly. Yuan et al. [17] conducted sieve analysis on
samples collected from different locations including the
Yulin transit line of Mu Us Desert. /e results indicate that
the grain particle sizes mostly range from 0.25mm to
0.074mm, and samples from Yulin transit line of Mu Us
Desert were found to have a particle size distribution of
0.074–0.600mm. Zhang et al. [18] also obtained similar
results after analyzing the gradation characteristics of Ae-
olian sand particles from Khorchin desert area in Inner
Mongolia.

Yulin is a city in China which is bordered by Inner
Mongolia to the north, Shaanxi to the east, Yan’an to the
south, Wuzhang to the west, and the Ordos desert to the
north and northwest. It has a climate that is semiarid with
very cold, long winters, hot summers, and great diurnal
temperature variations. In recent years, various highway
construction projects have been undertaken within the

region including the G210 highway that connects Yulin city
and Inner Mongolia and the provincial highway S204 that
connects Yulin and Jingbian city./e construction materials
used in these projects are mainly transported from other
regions within the country which incurs high costs. Al-
though Aeolian sand is the most abundant material in this
region, its use as a fine aggregate material in road con-
struction has not yet been explored. /is can be due to lack
of sufficient research to provide necessary information on its
particle characteristics. Particle characteristics, such as
shape, size, and microstructure, directly influence the final
properties of a material, and besides, previous studies have
shown that Aeolian sand can be successfully used as a fine
aggregate material in cementmortar or concrete for different
civil engineering applications including highway construc-
tion [12, 19–22]. Encouraging the widespread use of Aeolian
sand deposits in Yulin will yield tremendous benefits both
economically and socially.

/erefore, the purpose of this study is to analyze the
particle characteristics of Aeolian sand deposits and to
provide a theoretical guide for its possible application in
highway construction. Specifically, this study will focus on
the size and gradation, surface morphology, and mineral
composition of the sand particles. Also, this study seeks to
develop a simplified system for classifying the sand particles
based on gradation analysis.

2. Experimental Study

2.1. Study Site and SamplingMethod. /e current study is in
support of ongoing projects that includes the reconstruction
and expansion of two sections within Yulin city, namely, the
Shaanxi-Mongolia section of the G210 highway (Yulin to
Inner Mongolia boundary) and the Yu-Jing section of the
S204 highway (Yulin to Jingbian). Highway G210 begins
from Yu Yang Guo Guy field, in Shaanxi province to the
Inner Mongolia border. It is a secondary road project with a
total length spanning 83.1 km along the south-east edge of
the Maowusu sandy land. Its overall geographical mor-
phology comprises sand undulating dunes with diluvia plain
shoal and three types of valley terrace. /e sand-wave dune
mainly consists of fixed and semifixed dunes and sand ridge
with small amounts of mobile sand dunes forming an un-
dulating terrain. Highway S204 begins from Yu Yang dis-
trict, through Hengshan to Jingbian-Yanshuiguang pipeline
with a total length of 123.6 km. About 61 km of the S204 road
runs from Yulin city to Hengshan, while the rest is con-
centrated along the southeast edge of Maowusu sandy land
and in the bordering area of the loess plateau. /e entire
region is characterized by grass land and hilly gully region
with a wide distribution of Aeolian sand deposits.

Due to variations in topography, geomorphic condi-
tions, and nonuniformity of soil characteristics, Aeolian
sand samples were extracted from three strategic locations at
each sampling site. Table 1 shows the sample number and
changes of the three sample collection points along the
Shaan-Mongolia section of highway G210 and the Yu-Jung
section of highway S204, respectively. At each location,
about 70,700 cm3 of sample was manually dug up to a depth
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of 100 cm from a 30 cm diameter hole. Figure 1 is a photo
taken of the extracted Aeolian sand in one of the sampling
locations of this study.

2.2. Particle Size Characterization. /e physical and chem-
ical properties of Aeolian sand are affected by their particle
size and gradation. To well characterize the Aeolian sand size
distribution, collected samples were properly screened and
subjected to sieve analysis using circular and square sieve
meshes (0.075mm to 1.00mm sizes). /e purpose of using
both circular and square meshes was to determine which one
is more suitable for characterizing the particle size distri-
bution of Aeolian sand. Also, using a Mastersizer 3000
(Malvern) particle size analyzer, the particle size distribution
of the sand samples was further characterized based on three
different diameters: (1) the Sauter mean diameter associated
with the overall dispersed phase volume and the interface,
(2) the diameter below which 10% of the overall droplet
volume is located (Dv10), and (3) the diameter below which
90% of the overall droplet volume is located (Dv90). /e
Mastersizer 3000 uses the technique of laser diffraction to
measure the particle size and particle size distribution of
materials. It does this by measuring the intensity of light
scattered as a laser beam passes through a dispersed par-
ticulate sample. /is data is then analyzed to calculate the
size of the particles that created the scattering pattern.

For a more in-depth particle size analysis, screening and
washing method was employed to test for fines content in
the Aeolian sand samples. /e test was carried out following
the procedures outlined in Chinese guidelines for highway
engineering aggregate test methods [23].

2.3. Microstructure Characterization Using Scanning Electron
Microscopy (SEM). Characterization of surface micro-
structure is very crucial in understanding the formation
conditions of the sand deposits, which reflects their physical
and mechanical properties. For example, the presence of
rounded spherical grains can be due to intensive pitting on
the surface microstructure of the sand particles [16]. Also,
pits and grooves (formed by chemical dissolution) and silica
precipitates on the surface microstructure are known to
display some mechanical features such as upturned plates,
shrinkage cracks, meandering ridges, stepped fracture planes
and dish-shaped depressions, and conchoidal breakage
patterns [10, 14].

To study the microstructure and surface morphology of
the Aeolian sand particles, Scan Electron Microscopy (SEM)
imaging technique was implemented. In the SEM technique

a focused beam of electrons is applied to scan the surface of
the specimen. As the beam interacts with the sample, a high-
resolution image is generated showing the surface mor-
phology and composition of the sample under study. For this
purpose, a Hitachi S-4800 SEM equipment was used to study
the structure and morphology of Aeolian sand particles
coated by a thin conductive layer of gold (10 nm thick).

2.4. Mineral Composition Analysis. /e best method to
identify the mineral composition of samples in the labo-
ratory is X-ray diffraction (XRD), which is based on the
constructive interference of monochromatic X-rays and a
crystalline sample. Distinct XRD patterns characterized by
peaks of different heights are generated as the X-rays hit the
sample, which are as a direct result of the crystalline
structure. In this study, XRD technique was implemented
using a Bruker AXSGMBH equipment with Cu Kα radiation
(λ) of 0.154 nm, an accelerating voltage of 40 kV, and current
of 30mA at room temperature. /e diffractograms were
scanned from 5°C to 50°C at a scan rate of 0.02° per 15
seconds in the 2θ range.

3. Results and Discussion

3.1. Particle Size Characterization. /e two groups of Aeo-
lian sand from Shaan-Mongolia section and Yu-Jing section,
respectively, were screened to obtain their particle size
distribution./e results obtained from the tests are shown in
Table 2.

As shown in Table 2, 98.73–98.75% of the Aeolian sand
samples were mainly distributed within the range of
0.075–0.5mm, indicating that only 1% had sizes greater than
0.5mm and less than 0.075mm./is agrees with the findings
of Yuan et al. [17] and suggests the predominance of silty
sand and fine sand in the particle composition of the Aeolian
sand deposits found in this region. In addition, the diameter
distribution of the sand grains and their average specific
surface areas were evaluated and the results are shown in
Table 3.

Based on the results shown in Table 3, the particle
characteristics of two sample types are identical in terms of
their diameter distribution and specific surface area. /e
Sauter mean diameter associated with the overall dispersed
phase volume and the interface is 289 for SM1 and 281 for

Table 1: Sampling site of the Aeolian sand in Yulin area.

Sand sample number Road section Location
SM1 Shaan-Mongolia section K253 + 350
SM2 Shaan-Mongolia section K263 + 100
SM3 Shaan-Mongolia section K276 + 800
YJ1 Yu-Jing section K33 + 450
YJ2 Yu-Jing section K37 + 200
YJ3 Yu-Jing section K87 + 000

Figure 1: Extracted Aeolian sand sample.
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YJ1, while their difference in specific surface area is not more
than 1%.

/e results from the fines content analysis are presented
in Table 4. As shown in Table 4, the percentage of sand
samples passing through the 0.075mm sieve and the clay
content are not significantly different and not exceeding
11%. Also, from the particle grading curve obtained from the
screening test, the nonuniform coefficient (Cu) and cur-
vature coefficient (Cc) were calculated to be Cu< 5 and
Cc< 1, respectively. /is indicates that the Aeolian sand
deposits have uniform particle sizes and discontinuous
grading curve, which is typical of uniform fine sand with
poor gradation.

3.2. Surface Microstructure Characteristics of Aeolian Sand.
/e surface microstructure of the Aeolian sand samples was
observed for four different particle sizes including
0.5mm–1.0mm, 0.25mm–0.5mm, 0.075mm–0.25mm,
and less than 0.075mm. Figures 2–5 are the respective SEM
images generated for the various particle sizes, which
revealed the formation of some typical surface micro-
structures. As shown in Figure 2, there is a characteristic
contact pore structure in the Aeolian sand particles of sizes
below 0.075mm and those of 075mm–0.25mm. Also, they
are sufficiently round with basically no salt, cement, or clay
between the individual particle grains.

/e images for the remaining two sizes are characterized
by various surface structures including pit surface, disc pit,
serpentine ridge, corrosion marks, SiO2 deposits, and cracks,
as shown in Figures 3–5.

3.2.1. Pit (Frost Surface), Disc Pit, and Serpentine Ridge.
As the Aeolian sand particles are being driven by the wind,
they collide with each other causing the larger particles to be
eroded by finer ones. /e resultant effect is the formation of
many small irregular pits forming a frost surface. In Figure 3,
the frost surface of Aeolian sand with particle size of
0.5mm–1.0mm has been magnified 180 times under the
electron microscope, while that of 0.25mm–0.5mm particle
size is magnified 200 times.

Disc-shaped pits are generally concave pits with a di-
ameter of about 50 μm–100 μm and a depth of 10 μm–30 μm.
/ey can also have a diameter of up to 200 μm. Figure 4

shows the disc-shaped pits on the surface of Aeolian sand
with particle size 0.5mm–1.0mm and Aeolian sand of
particle size 0.25mm–0.5mm. Both images were obtained
from electron microscope under a magnification of 180 and
200×.

Snake-like ridges are formed when two or more disc-
shaped pits converge. /is type of surface microstructure
was typical on Aeolian sand of particle sizes 0.5mm–1.0mm
and 0.25mm–0.5mm, as shown in Figure 5.

3.2.2. Corrosion Marks, SiO2 Deposits, and Cracks.
Intermittent heating and cooling in desert areas do not
only accelerate physical weathering of Aeolian sand, but
also leave traces of chemical weathering on its surface.
Quartz (SiO2) is a chemically stable mineral that is very
difficult to dissolve in water. In desert areas, there is large
temperature difference between the day and night. /e
rapid drop in temperature at night causes the Aeolian
sand particles in the condensate to contain dissolved salts,
thereby slowly raising the pH value to 8 or 9./e solubility
of quartz slowly increases with increase in pH value, since
only small amount of SiO2 is dissolved at the beginning.
However, as the pH value continues to increase, the
solubility of quartz also shows a gradual increasing trend.
Figure 6 shows the variation of SiO2 solubility in 100 g of
water with increase in pH value.

Due to the presence of an electrolyte in the solution,
the surface of the Aeolian sand particles tends to condense
and precipitate. As the temperature increases rapidly
during the daytime, water is evaporated from the surfaces
of the sand particles leaving behind SiO2 which then forms
irregular shapes of opal or silica layers in small amounts.
Long term deposition of SiO2 layer on the surfaces of the
sand particles resulted in the formation of cracks with
varying lengths. /e crack lengths are usually measured in
1–50 microns and generally through several layers of the
crack cleavage. Figure 7 shows the deposited SiO2 layer
and cracks formed on the surfaces of Aeolian sand par-
ticles with sizes 0.25mm–0.5mm and
0.075mm–0.25mm. For better visualization, the SEM
images of the Aeolian sand particles with sizes
0.25 mm–0.5mm are magnified by 1000×, while the
0.075mm–0.25mm particles are magnified by 10000×.

Table 2: Particle size distribution of Aeolian sand.

Number
Particle size distribution (%)

1.0–0.5 0.5–0.25 0.1–0.25 0.1–0.075 <0.075
SM1 0.65 18.25 12.54 67.81 0.75
YJ1 0.72 18.60 14.72 65.43 0.53

Table 3: Diameter distribution and surface area sand particles.

Number Dv10 (μm) Dv50 (μm) Dv90 (μm) Specific surface area (m2/kg)
SM1 181 289 446 22.26
YJ1 171 281 445 23.03
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4. Mineral Composition Analysis of
Aeolian Sand

In order analyze the mineral composition of the Aeolian
sand deposits, XRD technique was used to generate dif-
fraction patterns for the 0.5mm–1.0mm, 0.25mm–0.5mm,
0.075mm–0.25mm, and less than 0.075mm particles, as
shown in Figure 8.

/e XRD patterns showed that more than 95% of the
mineral components of the four groups of Aeolian sand
particle sizes are mainly quartz and feldspar, with the quartz
accounting formore than 50%.Moreover, the quartz content
in the Aeolian sand of particle sizes 0.5–1.0mm is about 10%
higher than that of the other three particle sizes. Also, the

feldspar content constituted about 20% plagioclase and 10%
feldspar, of which the proportion of plagioclase in the
Aeolian sand of particle size 0.5–1.0mm was about 10% less
than in the other three particle sizes. In addition, calcite,
dolomite, chlorite, illite, siderite, and amphibole were also
detected, but their diffraction peaks were weak. Table 5
presents the percentage composition of the various min-
erals identified in the different Aeolian sand sizes.

5. Engineering Classification Study

5.1. Sieve Analysis. In order to further analyze the particle
composition of Aeolian sand, two screening methods were
used: the round hole sieve and square hole sieve screening.

Table 4: Fines content and gradation indexes of the different sand samples.

Sample
number

Content (% below
0.075mm)

Clay (≤0.02mm)
content (%)

Coefficient of
inhomogeneity

Curvature
coefficient

Fineness
modulus Sieve passing (% 0.15mm)

SM1 1.1 0.69 2.09 1.13 0.94 23.3
SM2 0.8 0.78 1.90 0.90 1.32 7.7
SM3 9.6 9.10 2.88 0.97 0.87 37.4
YJ1 7.3 8.02 2.33 0.89 0.60 46.8
YJ2 5.1 5.57 1.71 0.91 0.41 63.7
YJ3 9.0 10.30 1.48 0.97 0.06 94.9

(a) (b)

Figure 2: Contact pore structure of Aeolian sand particles. (a) 50 times larger for 0.075–0.25mm. (b) 150 times larger for less than
0.075mm.

(a) (b)

Figure 3: Frosting surface of Aeolian sand particles. (a) 180 times larger for 0.5–1.0mm. (b) 200 times larger for 0.25–0.5mm.
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/e round hole sieve screening test was conducted in ac-
cordance with the engineering classification standard for soil
[24], whereas, the square hole sieve screening test was done
in accordance with the “regulations of aggregate for highway
engineering test” [23]. Figure 9 gives the graphical repre-
sentation of the results obtained from the round sieve

screening tests on the different sand samples, while Figure 10
shows the square sieve screening test results.

As shown in Figures 9 and 10, there is a clear distinction
between the round and square sieve gradation curves. For
the round sieve, the percentage passing rate through dif-
ferent sieve sizes is basically the same for all the six sample

(a) (b)

Figure 4: Disk-shaped pits on the surface of Aeolian sand particles. (a) 180 times larger for 0.5–1.0mm. (b) 200 times larger for
0.25–0.5mm.

(a) (b)

Figure 5: Serpentine ridges on the surface of Aeolian sand particles. (a) 180 times larger for 0.5–1.0mm. (b) 200 times larger for
0.25–0.5mm.
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Figure 6: Solubility curve of SiO2 with pH value.
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types. However, this is not the case with the square mesh
sieve (Figure 10), which shows significantly different gra-
dation for each sample type. /e surface microstructure
analysis indicated the presence of different forms of pitting
on the surfaces of the Aeolian sand particles, which causes
Aeolian sand particles to become rounded very rapidly [16].
/erefore, it can be deduced that the six Aeolian sand

samples all contain predominantly rounded spherical grains.
/e use of round sieves to obtain the particle gradation of
samples with mostly rounded grains will not yield signifi-
cantly different result; however, by using a different shaped
sieve such as a square hole sieve, the size distribution of
different samples can be clearly distinguished. /is explains
why the curves in Figure 9 are identical and different from

(a) (b)

Figure 7: Surface sediment layer and crack of Aeolian sand particles. (a) 1000 times larger for 0.25–0.5mm. (b) 10000 times larger for
0.075–0.25mm.
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Figure 8: XRD patterns of Aeolian sands with four particle sizes. (a) 0.5–1.0mm. (b) 0.25–0.5mm. (c) 0.075–0.25mm. (d) <0.075mm.
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those in Figure 10, which shows obvious distinction in the
sample gradation curves. Also, from Figure 10, the particle
sizes are mainly distributed between 0.075mm and 0.3mm,
and the percentage passing in the 0.15mm sieve ranges from
7% to 95% for all six samples. Based on the comparative sieve

analysis results, the square hole sieve is recommended as a
more suitable sieve to determine the particle gradation of the
Aeolian sand deposits in Yulin. /e same was also used to
conduct a further classification study of the sand particles.

5.2. Analysis of Gradation Index. From the analysis given on
the screening curves shown in Figure 9, the range of per-
centage passing of the sand samples in the 0.15mm square
sieve hole is large and very distinct for all the samples.
/erefore, the 0.15mm sieve was selected as the key sieve
hole, and its passing rates were used as the classification
index of Aeolian sand particles in Yulin area.

A comparison of the pass rates of the different sand
samples in the 0.075mm and 0.15mm sieves is shown in
Figure 11. From the data, it is evident that when the pass rate
in the 0.15mm sieve is large, the pass rate of 0.075mm sieve
is also large. However, the pass rate of the 0.075mm shows
small changes, whereas, significant variations can be noticed
with the 0.15mm sieve. Because of the greater sensitivity of
the 0.15mm sieve to percentage passing rates, it was
therefore identified as the key sieve size in this study.

From the above analysis, the passing rate in the 0.15mm
square sieve size was selected as the more appropriate index
for classifying the Aeolian sand in Yulin. /e classification
method begins by calculating the average of the pass rates of
the six sand samples in the 0.15mm sieve as 45%. /e
calculated average value was then offset by −15% and +15%
to obtain the values 30% and 60%, respectively. By using 30%
and 60% as reference points, the Aeolian sand samples were
divided into three categories: Class A represents Aeolian
sand with pass rate less than 30%, Class B with pass rate
between 30% and 60%, and Class C with pass rate greater
than 60%./e gradation curves indicating the regions of the
different classified samples are shown in Figure 12.

As shown in Figure 12, Class A includes the SM1 and
SM2 sand samples, Class B includes the SM3 and YJ1
samples, and Class C includes the YJ2 and YJ3 samples.
Aeolian sand particles in Class B are of medium thickness,
while those in Class C are relatively fine with high dust
content.

A plot of fineness modulus,MX versus the 0.15mm sieve
pass rate, is shown in Figure 13. /e fineness modulus was
computed according to equation (1) as follows:

Mx �
A2.36 + A1.18 + A0.6 + A0.3 + A0.15 − 5A4.75

100 − A4.75
, (1)

where, A2.36, A1.18, A0.6, A0.3, A0.15, and A4.75 are cumulative
percentage retained corresponding to each sieve size.

Table 5: Mineral composition of Aeolian sand with four particle sizes.

Grain size (mm)
Percentage of minerals

Quartz Plagioclase Potassium feldspar Calcite Dolomite Chlorite Illite stone Siderite Amphibole
0.5–1.0 64.4 20.2 12.6 0.9 0.6 0.5 0.5 0.3
0.25–0.5 53.8 28.2 16.6 0.9 0.5
0.075–0.25 54.2 31.8 9.7 0.3 1.1 1.5 0.6 0.8
<0.075 51.4 30.9 9.1 0.1 0.2 3.0 3.0 2.3
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Figure 9: Round sieve curves of the different sand samples.
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Vertical lines are drawn through the 30% and 60% pass
rates to intersect with the regression line. At the points of
intersection, horizontal lines are drawn to meet the vertical
axis from which the fineness modulus was obtained as 0.5

and 0.9, respectively. In order to obtain the fineness modulus
of the three classes of Aeolian sand, the fitting line is divided
into representative regions A, B, and C as shown in
Figure 13.
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Figure 11: Passing percent in 0.075mm and 0.15mm sieve sizes of the different sand samples.
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Figure 12: Gradation curves showing the regions of the sample classification categories.
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Table 6 shows the fineness modulus of the three sample
classes determined from Figure 12. /e measured fineness
modulus of each sand sample is within the range of fitted
fineness modulus Mx, which was used to validate the clas-
sification results.

6. Conclusion

Aeolian sand is the most abundant natural resource in Arid
region of Northwest China. In recent years, major road
construction projects have been undertaken in this part of
the country, including the G210 highway that connects Yulin
city and Inner Mongolia and the provincial highway S204
that connects Yulin and Jingbian city. /e raw materials
used in these projects are mainly transported from other
regions of country which leads to additional costs and in
some cases can cause delay. Although Aeolian sand is
abundantly distributed in this region, its use in road con-
struction is not very common. /is may be due to lack of
sufficient information on its particle characteristics or lack of
standard practice. /is study was conducted to analyze the
particle characteristics of Aeolian sand deposits in Yulin area
to improve the confidence for its use as a subgrade or fine
aggregate material in road construction. Based on the
findings of this limited study, the following conclusions are
drawn:

(1) /e particle sizes of the Aeolian sand in Yulin are
mainly distributed between 0.075mm and 0.3mm
and have very low clay content (less than 11%). /e
samples collected from locations closer to Inner
Mongolia are coarser and contain much lower clay
content than those from Jingbian area. In road

construction, soils with higher clay content are
undesirable because they provide lower bearing
capacity to support the upper road layers. However,
because of the much lower clay content in the Ae-
olian sand of Yulin, it is possible to achieve the
required bearing capacity if used as a subgrade
material.

(2) /e surface microstructure of the wind-deposited
sand particles in Yulin has three different types of
shapes: Pit-shaped, disc-shaped, and serpentine-
shaped. Pitting on the surfaces of Aeolian sand
particles leads to the formation of more rounded and
spherical grains.

(3) More than 95% of the mineral components of the
Aeolian sand particles are quartz and feldspar. /e
quartz content in the 0.5mm–1.0mm Aeolian sand
is 10% higher than that in the other three particle
sizes. Other mineral components such as chlorite
and calcite which are known to be detrimental to
concrete or mortar were also present but only in
negligible amounts. /erefore, mineralogically, the
Aeolian sand particles can be safely used in preparing
concrete or mortar for road construction without
causing any potential complex chemical reactions.

(4) /e gradation curves of the circular mesh sieve
samples are very identical, while the curves of the
square mesh sieve samples showed obvious differ-
ences. Intensive pitting on the surface of Aeolian
sand can cause the rapid formation of rounded
particles. With the prevalence of rounded spherical
grains in the Aeolian sand from the six different
locations, the use of round mesh sieve may not be
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Figure 13: Classification methods of the Aeolian sand with fineness modulus.

Table 6: Classification results of the Aeolian sand.

Types of Aeolian sand Sand sample number 0.15mm pass rate (%) Fineness modulus Mx

Class A SM1, SM2 ˂30% 0.9∼1.4
Class B SM3, YJ1 30∼60% 0.5∼0.9
Class C YJ2, YJ3 ˃60% 0∼0.5
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ideal for distinguishing their particle size gradation.
On the other hand, a square mesh sieve was found to
be more effective in providing clear distinction on
the gradation of Aeolian sand samples collected from
the different locations within Yulin. As a result, the
square mesh sieve is preferred over the round mesh
for characterizing the particle size distribution of the
sand deposits.

(5) With the square mesh sieve as the preferred sieve,
gradation curves were generated for all the collected
Aeolian sand samples. It was observed from the
gradation curves that the slopes dramatically
changed at the 0.15mm sieve line. Also, the per-
centage passing rate at this point ranged from 7% to
95% for all the samples. /erefore, using the per-
centage passing rate in the 0.15mm sieve as a
classification index, the Aeolian sand particles were
theoretically classified into three categories: Class A
(passing rate is less than 30%), Class B (passing rate
between 30%–60%), and Class C (passing rate is
more than 60%).

(6) A plot of fineness modulus versus percentage passing
in 0.15mm sieve showed good linear correlation,
which indicates that the fineness modulus of the
different classes of Aeolian sand particles is sufficient
for characterizing their engineering properties. Ae-
olian sand particles with higher pass rates in the
0.15mm sieve tend to have smaller fineness modulus,
while those with higher fineness modulus have lower
pass rates.
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