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,e utilization of desert sand for making ceramsite lightweight aggregate concrete is proposed to make full use of local natural
resources in the development of a new type of lightweight and load-bearing wall material with good energy conservation, waste
utilization, and thermal insulation performances. An orthogonal test was conducted to analyze the effects of the water-binder
ratio, sand ratio, desert sand substitution rate, and fly ash content on the slump, apparent density, and tube crushing strength of
desert sand ceramsite lightweight aggregate concrete. ,us, the optimal mixture ratio of the desert sand ceramsite concrete was
obtained for the LC20 and LC25 strength grades. Based on two reasonable mixture ratios, the physical and mechanical properties
of the desert sand ceramsite concrete were investigated.,e results revealed that the water-binder ratio, sand ratio, and desert sand
substitution rate were the main influencing factors, and the influence law is essentially consistent with that of ordinary desert sand
concrete. Based on the reasonable substitution rate of desert sand, the main physical and mechanical properties of the desert sand
ceramsite lightweight aggregate concrete, such as the tube crushing strength, tensile strength, and thermal conductivity, satisfied
the requirements of the Chinese code’s specifications. In summary, desert sand can replace ordinary sand in ceramsite lightweight
aggregate concrete for the production of new lightweight and load-bearing wall materials.

1. Introduction

Ceramsite lightweight aggregate concrete has an apparent
density of less than 1950 kg/m3 and uses ceramsite as a
coarse aggregate. Nowadays, this concrete type has become
the second most widespread type after ordinary concrete,
owing to its advantages of low weight, high strength, and low
thermal conductivity, amongst others [1–3]. ,e application
of this concrete to new wall materials, such as lightweight
wallboards and hollow blocks, can not only effectively re-
duce the weight and improve the seismic performance of
buildings but also significantly improve the energy efficiency
of the building [4–8]. Additionally, using local resources to
develop new building materials is also an effective way to
improve the energy efficiency of buildings. In desert areas,
desert sand is a natural resource available in high quantities
and low cost and its use in building materials is very

important for the sustainable development of desert areas.
From the above description, ceramsite lightweight aggregate
concrete using desert sand instead of river sand not only is
beneficial in improving the seismic performance and ther-
mal insulation properties of buildings but also facilitates the
rational use of rich sand resources in desert areas. ,erefore,
there is sufficient motivation for relevant research.

In recent years, some progress has been made in the
study of desert sand as a fine aggregate of concrete. Al-
Harthy et al. [9] used desert sand with a fineness modulus
between 0.45 and 0.88 to replace medium sand at a ratio of
10% to 100%. ,e effects of desert sand on the workability,
tube crushing strength, elastic modulus, and surface water
absorption of concrete were analyzed. Luo et al. [10]
compared the mechanical properties of desert sand concrete
to those of ordinary concrete with the same water-cement
ratio of 0.5 and demonstrated that the strength was slightly
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higher than that of ordinary concrete, owing to the desert
sand’s finer particle size. Additionally, it was demonstrated
that the porosity between the cement slurry and aggregate
could be filled. However, if the desert sand content is too
high, a lot of water is absorbed on the surface and more
bubbles are introduced during the stirring process, which
reduces the concrete’s strength. Seif et al. [11] investigated
the mechanical and construction properties of concrete
prepared using desert sand in the region of Arabia. ,e
results revealed that the desert sand content should not
exceed 50% of the total volume of fine aggregate. Rmili et al.
[12], Bouziani et al. [13], Zhang et al. [14], Zhang et al. [15],
Li et al. [16], Fu et al. [17], Jiang et al. [18], and Haifeng et al.
[19] have also investigated the mechanical properties and
influencing factors of desert sand concrete. From the
abovementioned literature, it is understood that existing
research on desert sand concrete has mainly focused on
ordinary concrete, while the application of desert sand to
ceramsite lightweight aggregate concrete has not been in-
vestigated yet.

,erefore, to obtain a reasonable mixture ratio of
desert sand ceramsite lightweight aggregate concrete with
good construction performance, mechanical properties,
and thermal insulation performance, according to the
needs of ordinary multistory buildings, this study
designed four single factors, namely, the different water-
binder ratio, different volume sand ratio, different desert
sand substitution rate, and different fly ash content.
Moreover, orthogonal tests were conducted on 16 groups
of 96 pieces of sand cube specimens of desert sand
ceramsite concrete. A reasonable mixture ratio of LC20
and LC25 desert sand ceramsite lightweight aggregate
concrete was obtained by analyzing the effects of various
factors on slump, the natural apparent density after 28
days, and the tube crushing strength after seven days and
28 days. Hence, the axial tube crushing strength, static
elastic modulus, splitting tensile strength, and thermal
conductivity of the desert sand ceramsite lightweight
aggregate concrete were tested. ,e obtained results can
provide a theoretical basis and be useful as technical
guidelines for the use of desert sand in ceramsite light-
weight aggregate concrete.

2. Test Materials and Methods

2.1. Test Materials. ,e cement, water, and additives were
used in the test: (1) cement: P.O. 42.5 grade ordinary
Portland cement produced by Tianye cement Factory,
Shihezi City, Xinjiang. (2) Fly ash: grade/fly ash (class F)
produced by the Tianfu Energy Co. Ltd., in Xinjiang. (3)
Water reducing agent: early strength water reducer pro-
duced by the Shihezi Changhong Concrete Admixture
Factory, the water reducing rate was approximately 15%, and
the optimal content of the cementitious material was be-
tween 1.5% and 2%. (4) Water: tap water was used for both
maintenance and mixing water. ,e chemical properties of
cement, fly ash, and water reducing agent are shown in
Tables 1 and 2, and the physical properties are shown in
Table 3.

,e aggregate was used in the test: (1) lightweight ag-
gregate: crushed shale ceramsite produced in Shawan,
Xinjiang, with a good gradation design and particle size
between 5 and 20mm. ,e relevant performance indices
were determined according to the Chinese code titled “Light
Aggregate and Its Test Method” (GB/T17431.2-2010) [20];
the results are presented in Table 4. (2) Desert sand: floating
sand was taken from the Gultongbangut Desert in the
Junggar Basin, Xinjiang. With an average particle size of
0.183mm and a fineness modulus of 0.334, the sand is
categorized as superfine sand; the packing density was
1615 kg/m3.,e sand’s chemical composition is presented in
Table 5. (3) Ordinary sand: washed river sand (medium
sand) with a diameter of less than 5mm was used; the
fineness modulus was 2.6 and the packing density was
1420 kg/m3.

2.2. Testing Scheme

2.2.1. Orthogonal Tests Design. In the tests, the effects of the
water-binder ratio, volume sand ratio, desert sand substi-
tution rate, and fly ash content on the slump, apparent
density, and tube crushing strength of the desert sand
ceramsite concrete were considered. ,e objective of the
tests was to obtain a reasonable mixture ratio for the desert
sand ceramsite lightweight aggregate concrete with good
workability, light bulk density, and sufficient strength to
satisfy the requirements for the load-bearing walls of
multistory buildings. To reduce the number of tests, the
orthogonal tests scheme with five factors and four levels was
adopted. ,e water-binder ratio, volume sand ratio, and fly
ash content were determined according to the approximate
scope of the Chinese code titled “Technical Regulations for
Lightweight Aggregate Concrete (JGJ51-2002) [21]. Addi-
tionally, based on the results of existing studies, desert sand
substitution rate did not exceed 50%. ,e levels of each
factor are presented in Table 6. ,e last table column is
empty so that it can be used for error testing. In accordance
with the Chinese code specifications [21], the mix propor-
tion design of desert sand ceramsite lightweight aggregate
concrete was carried out using the loose volumemethod.,e
total volume of the coarse and fine aggregate was 1.3m3, the
dosage of the water reducing agent was 2% of the cemen-
titious materials, the dosage of each material is shown in
Table 7, and all mixture ratios in the orthogonal tests were
obtained by substituting each level of the factors as shown in
Table 8.

2.2.2. Testing Scheme for Physical and Mechanical Properties.
After applying the reasonable mixture ratio with good
workability, light bulk density and sufficient strength were
obtained from the orthogonal tests. ,e axial tube crushing
strength, static elastic modulus, splitting tensile strength,
and thermal conductivity tests of the desert sand ceramsite
lightweight aggregate concrete were carried out with this
mixture ratio. By comparing the corresponding indices of
the ordinary lightweight aggregate concrete specified in the
Chinese code [21], the application feasibility of desert sand
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Table 2: ,e main chemical properties of water reducing agent.

Main components (%) Salt Isopropanol Acetone Sodium citrate Sodium hydroxide Pigment
Water reducing agent 28.71 0.69 2.14 4.51 2.89 0.06

Table 3: ,e physical properties of cement and fly ash.

Project components Bulk density Fineness Proportion Initial setting time Final setting time
Cement 1300 kg/m3 ≤40 μm 3.1 ≥45min ≤10h
Fly ash 1.77∼2.43 g/cm3 ≤12% — — —

Table 4: Performance indices of shale ceramsite.

Technical
index

Bulk density
(kg/m3)

Numerical tube pressure
(MPa)

Water absorption
(%)

Softening
coefficient

Silt content
(%)

Mass loss after boiling
(%)

Standard — ≥1.0 ≤10 ≥0.8 ≤3.0 ≤5.0
Actual value 659 3.6 4.3 1 0.2 1

Table 5: Chemical constituents of desert sand.

SiO2 Al2O3 Fe2O3 FeO TiO2 P2O5 MnO CaO MgO K2O Na2O Others
64.58 9.48 2.32 0.85 0.24 0.06 0.05 8.62 2.06 1.97 2.43 7.34

Table 6: Factor levels in orthogonal tests.

Level Water-binder ratio A Sand ratio B (%) Desert sand substitution rate C (%) Fly ash content D (%) Empty column E
1 0.35 35 0 0 1
2 0.4 38 20 15 2
3 0.45 41 30 20 3
4 0.5 45 40 25 4

Table 7: ,e dosage of each material.

Test mixture
Amount of raw materials (kg/m3)

Cement Water River sand Desert sand Ceramsite Fly ash Water reducing agent
1 437.14 153.00 614.30 0.00 473.20 0.00 8.74
2 371.57 153.00 533.50 159.60 451.40 65.57 8.74
3 349.71 153.00 503.70 258.20 429.50 87.43 8.74
4 327.86 153.00 473.90 377.90 400.40 109.29 8.74
5 306.00 153.00 491.40 147.00 473.20 76.50 7.65
6 286.87 153.00 666.90 0.00 451.40 95.63 7.65
7 382.50 153.00 431.70 344.30 429.50 0.00 7.65
8 325.12 153.00 552.80 283.40 400.40 57.38 7.65
9 255.00 153.00 430.00 220.40 473.20 85.00 6.80
10 272.00 153.00 400.10 319.10 451.40 68.00 6.80
11 289.00 153.00 719.60 0.00 429.50 51.00 6.80
12 340.00 153.00 631.80 189.00 400.40 0.00 6.80
13 260.10 153.00 368.60 293.90 473.20 45.90 6.12
14 306.00 153.00 466.80 239.30 451.40 0.00 6.12
15 229.50 153.00 575.60 172.20 429.50 76.50 6.12
16 244.80 153.00 789.80 0.00 400.40 61.20 6.12

Table 1: ,e chemical properties of cement and fly ash.

Components (%) SiO2 Al2O3 Fe2O3 CaO MgO Na2O Ka2O SO3 Ignition loss
Cement 20.78 4.21 2.96 63.10 2.27 0.71 0.71 0.63 3.14
Fly ash 58.79 23.41 6.71 4.47 1.68 1.05 1.69 0.3 1.9
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in ceramsite lightweight aggregate concrete could be
determined.

2.3. TestMethods. First, orthogonal tests were carried out to
obtain reasonable mixture ratio for the desert sand ceramsite
lightweight aggregate concrete by analyzing the slump,
natural apparent density, and tube crushing strength.
Subsequently, physical and mechanical property tests were
carried out. Concrete mixing method: the ceramsite was
prewet for one hour before stirring the concrete in each test
so as to minimize the porosity and prevent the floating of the
lightweight aggregate. ,e ceramsite and fine aggregate were
poured into the mixer for 45 seconds; then, the cement was
poured into the mixer for 45 seconds to make the distri-
bution of the aggregate more uniform. Finally, water con-
taining a water reducing agent was added to the mix for two
minutes.

,e slump, apparent density, physical and mechanical
property, and thermal conductivity are tested one by one. (1)
Slump test: the test was carried out in accordance with the
Chinese code titled “Standard for Performance Test Method
of Ordinary Concrete Mixture” (GB/T 50080-2016) [22]. (2)
Apparent density test: obtained by dividing the mass of the
specimen by its volume in the natural state. (3) Physical and
mechanical property tests: the tube crushing strength and
splitting tensile strength specimens were
100mm× 100mm× 100mm cubes; the axial tube crushing
strength and static elastic modulus specimens were
150mm× 150mm× 300mm prisms. ,e tests were carried
out in accordance with the Chinese code titled “Standard for
Test Methods of Mechanical Properties of Ordinary Con-
crete”(GB/T 50081-2002) [23]. (4) ,ermal conductivity
test: each specimen was put into the JTRG-111 thermal
conductivity tester; the temperature of the cold plate was set
to 10°C, while that of the hot plate was set to 30°C. ,e
thermal conductivity was calculated automatically using
thermal conductivity measurement software directly
through the heat transfer in the cold-hot plate.

3. Test Results and Discussion

3.1. Orthogonal Tests Results and Analysis. ,e slump, nat-
ural apparent density, and cubic tube crushing strength of
the fresh concrete were obtained from the orthogonal tests.
,e results are presented in Table 9.

3.1.1. Range Analysis. ,e factors degree of influence can be
determined by range analysis. ,e range analysis performed
on the orthogonal test results is presented in Table 10.

From Table 10, the following can be seen: (1) for the
slump of fresh desert sand ceramsite concrete, the order of
the influence factors is as follows: A (water-binder ratio)>C
(desert sand substitution rate)>B (sand ratio)>D (fly ash
content); (2) for the natural apparent density of the desert
sand ceramsite concrete, the order of influence factors is as
follows: B>A>C>D; (3) for the tube crushing strength of
the desert sand ceramsite concrete, the order of influence
factors is as follows: A>B>C>D.

3.1.2. Variance Analysis. Range analysis is simple, intuitive,
and computational but cannot distinguish whether the
difference in the results is caused by the level change of each
factor or by random fluctuations in the test. ,e F test can
solve this problem by employing variance analysis. ,e
results are presented in Table 11.

,e F test results revealed that the water-binder ratio,
sand ratio, and desert sand substitution rate exerted sig-
nificant effects on the working performance of the desert
sand ceramsite concrete. Moreover, the effect of the fly ash
content was not obvious. ,erefore, when determining the
benchmark mixture ratio, the fly ash content could be
considered as 15% for the LC20 strength grade and as 20%
for the LC25 strength grade of light aggregate concrete,
according to the literature [21].

3.1.3. Factor Index Analysis. ,rough range analysis and
variance analysis, it was found that the water-binder ratio,
sand ratio, and desert sand substitution rate are the main
factors affecting the performance of desert sand ceramsite
concrete. However, owing to the large error in the blank
column and the small degree of error freedom (only 3), the
testing sensitivity was low. Accordingly, when determining
the base mixture ratio, the three factors should be com-
prehensively analyzed and their appropriate level should be
selected according to the actual needs.

(1) Effect of Water-Binder Ratio on Performances of Desert
Sand Ceramsite Lightweight Aggregate Concrete. Figure 1
shows the relationship between the water-binder ratio and
the properties of the desert sand ceramsite concrete. As can
be seen, the relationship between the water-binder ratio
and the performance of the desert sand ceramsite concrete
was essentially the same as that of ordinary concrete. ,e
slump gradually increased with the increase of the water-
binder ratio, while the apparent density and tube crushing
strength gradually decreased. To ensure a lightweight

Table 8: Mixture ratio of orthogonal tests.

Test mixture
Factor

A B C D E
1 1 (0.35) 1 (35) 1 (0) 1 (0) 1
2 1 2 (38) 2 (20) 2 (15) 2
3 1 3 (41) 3 (30) 3 (20) 3
4 1 4 (45) 4 (40) 4 (25) 4
5 2 (0.40) 1 2 3 4
6 2 2 1 4 3
7 2 3 4 1 2
8 2 4 3 2 1
9 3 (0.45) 1 3 4 2
10 3 2 4 3 1
11 3 3 1 2 4
12 3 4 2 1 3
13 4 (0.50) 1 4 2 3
14 4 2 3 1 4
15 4 3 2 4 1
16 4 4 1 3 2
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material, the optimal water-binder ratio of the desert sand
ceramsite concrete with the LC20 and LC25 strength grades
was approximately 0.5 and 0.45, respectively. At this time,

the concrete slump was the largest, the apparent density
was the smallest, and the strength satisfied the
requirements.

Table 9: Test results for mixture ratio.

Test mixture Slump (mm) Apparent density (kg/m3)

Tube
crushing
strength
(MPa)

Test mixture Slump (mm) Apparent density (kg/m3)

Tube
crushing
strength
(MPa)

7 d 28 d 7 d 28 d
1 49 1707.9 19.6 27.2 9 66 1681.4 15.1 24.1
2 44 1750.8 21.1 31.5 10 76 1725.3 17.2 27.6
3 56 1800.2 24.6 34.4 11 98 1735.8 19.1 27.3
4 52 1832.5 25.4 35.7 12 60 1780.3 21.1 29.4
5 48 1730.1 19.2 26.6 13 82 1698.8 16.2 23.6
6 84 1720.2 19.4 27.5 14 85 1710.3 18.5 26.6
7 54 1794.9 22.5 32.2 15 66 1691 14.3 23.2
8 52 1800.6 20.3 30.1 16 84 1720.8 14.9 22.6

Table 10: Range analysis.

Index of test Range
Factor

Disturbance term
A B C D

Slump R1 29.00 11.00 24.25 7.00 10.00
Apparent density R2 67.63 79.00 41.70 17.08 20.98
7 days’ tube crushing strength R3 6.70 2.90 2.08 1.88 2.70
28 days’ tube crushing strength R4 8.20 4.08 3.63 1.23 2.03

Table 11: F test results.

Index of test F
Factor

Critical value
A B C D

Slump F1 32.662∗∗∗ 5.94∗ 9.862∗∗ 0.602 F0.01 (3, 3)� 29.5
Apparent density F2 9.173∗ 11.577∗∗ 6.018∗ 0.584 F0.05 (3, 3)� 9.28
7 days’ tube crushing strength F3 9.596∗∗ 7.626∗ 5.41∗ 0.353 F0.1 (3, 3)� 5.39
28 days’ tube crushing strength F4 13.416∗∗ 6.832∗ 5.694∗ 0.447
Note.When F> F0.01, the influence of factors is significant, and the factor is marked as ∗∗∗; when F> F0.05, the factor is marked as ∗∗; when F> F0.1, the factor is
marked as ∗.
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Figure 1: Curves of relationship between water-binder ratio and performance of desert sand ceramsite concrete. (a) Trend curve of slump.
(b) Trend curve of 28 days’ natural apparent density. (c) Trend curve of 7 and 28 days’ tube crushing strength.
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(2) Effect of Sand Ratio on Performances of Desert Sand
Ceramsite Lightweight Aggregate Concrete. Figure 2 shows
the relationship between the sand ratio and the performance
of the desert sand ceramsite concrete. ,e following ob-
servations can be made: (1) the slump of the desert sand
ceramsite concrete first increased and then decreased as the
sand ratio increased, and then reached the maximum value
when the volume sand ratio was 38%; (2) the apparent
density increased in an approximately linear manner with
the increase of the volume sand ratio; (3) the tube crushing
strength increased faster when the volume sand ratio in-
creased from 35% to 41%; subsequently, the increase slowed
down.

,e obtained results revealed that the effects of sand
ratio on the performance of desert sand ceramsite light-
weight aggregate concrete were similar to those for ordi-
nary ceramsite lightweight aggregate concrete, as
mentioned in the literature [5]. ,e strength of lightweight
aggregate concrete was improved by increasing the sand
ratio within a certain range. However, when the sand ratio
was too high, the content of the cement slurry relatively
decreased, and the coarse aggregate could not be fully
wrapped. ,is resulted in an uneven internal structure for
the concrete and the strength stopped increasing or de-
creasing with the increase of the sand ratio. Moreover, as
the sand ratio increased, the apparent density of the
concrete also increased. ,erefore, it is necessary to choose
a volume sand ratio that can achieve high strength and low
density, so as to ensure that the concrete has adequate
workability for easy construction. Overall, the sand ratio of
the desert sand ceramsite lightweight aggregate concrete
with the LC20 and LC25 strength grades should be con-
trolled at approximately 38%–41%.

(3) Effect of Desert Sand Substitution Rate on Performances of
Desert Sand Ceramsite Lightweight Aggregate Concrete.
Figure 3 shows the relationship between the substitution rate
of the desert sand and the performance of the desert sand
ceramsite concrete.,e following observations can be made:
(1) first, the slump of the desert sand ceramsite lightweight
aggregate concrete decreased approximately with the in-
crease of the desert sand substitution rate. When desert sand
was not mixed, the slump reached its maximum value.When
the desert sand substitution rate increased from 0 to 20%, the
slump of the desert sand ceramsite concrete sharply de-
creased. However, when the desert sand substitution rate
increased from 20% to 30%, the slump of the desert sand
ceramsite concrete increased again. ,is occurred because
the desert sand had a smaller particle size and larger specific
surface area; thus, it filled the internal voids of the slurry,
which resulted in the increase of the concrete’s viscosity and
the decrease of slump. Because the surface of the desert sand
was smooth, the friction between the aggregates decreased
and the slump increased as the desert sand content in-
creased. However, the increase slowed down after exceeding
a certain amount. (2) Because the desert sand filled the
internal voids of the concrete, the apparent density and tube
crushing strength slightly increased as the desert sand
substitution rate increased.

,e test results revealed that the effects of the desert sand
on the performance of lightweight aggregate concrete are
similar to those of the desert sand ordinary concrete re-
ported in the literature [10, 11, 15]. Specifically, when the
desert sand substitution rate was below 40%, the workability
of the lightweight aggregate concrete decreased, while the
apparent density and tube crushing strength slightly in-
creased. To satisfy the reasonable slump requirement, the
desert sand substitution rate should be more than 30%.
Considering both the strength and workability require-
ments, for the LC20 strength grade of the desert sand
ceramsite concrete, the desert sand substitution rate should
be 30%, whereas for the LC25 strength grade, the desert sand
substitution rate should be 40%.

3.1.4. Determination of Benchmark Mixture Ratio.
According to the above analysis, the final factor levels de-
termined by the orthogonal tests are as follows: for the LC20
strength grade, the water-binder ratio was 0.5, the sand ratio
was 38%, the desert sand substitution rate was 30%, and the
fly ash content was 15%. For the LC25 strength grade, the
water-binder ratio was 0.45, the sand ratio was 41%, the
desert sand substitution rate was 40%, and the fly ash content
was 20%.

,e total volumeVwas 1.3m3, and the referencemixture
ratio calculated by the loose volume method is presented in
Table 12.

,e 16 groups of mixture ratios in the orthogonal tests
do not include the final mixture ratios of the LC20 and LC25
desert sand ceramsite concrete (Table 9). ,erefore, it was
necessary to repeat the experiments for the two mixture
ratios to verify their accuracy. ,e methods and test subjects
were the same as those in the previous orthogonal tests. ,e
average values of the test results are listed in Table 13.

From Table 13, it can be seen that the two groups of the
desert sand ceramsite concrete, which were made from the
benchmark mixture ratio, had better fluidity, their apparent
density was lower than 1950 kg/m3, which is the Chinese
code’s specification for lightweight aggregate concrete [21],
and the tube crushing strength could satisfy the require-
ments. ,e test results revealed that the benchmark mixture
ratios of the two strength grades were adequately reasonable.

3.2. Test Results and Analysis of Physical and Mechanical
Properties. ,e test results for the physical and mechanical
properties of the desert sand ceramsite concrete with the
LC20 and LC25 strength grades and related indices of or-
dinary lightweight aggregate concrete specified in the lit-
erature [21] are listed in Table 14.

From Table 14, the following can be seen: (1) the main
physical and mechanical properties of the desert sand
ceramsite lightweight aggregate concrete with the two
mixture ratios determined by the orthogonal tests essentially
satisfied the requirements for ordinary lightweight aggregate
concrete with the same strength grade [21]. (2),e axial tube
crushing strength of the desert sand ceramsite lightweight
aggregate concrete was slightly lower than its cubic tube
crushing strength, and its ratio was approximately 0.93. (3)
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,e elastic modulus of the desert sand ceramsite lightweight
aggregate concrete was approximately 25% higher than that
of ordinary lightweight aggregate concrete with the same
grade because the desert sand had finer particle size and
filled the internal voids of the concrete. Under the same

action force, the deformation of the desert sand lightweight
aggregate concrete will be smaller than that of ordinary
lightweight aggregate concrete, and the corresponding
elastic modulus will increase. (4),e thermal conductivity of
the two strength grades of the desert sand ceramsite concrete
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Figure 2: Curves of relationship between sand ratio and performance of desert sand ceramsite concrete. (a) Trend curve of slump. (b) Trend
curve of 28 days’ natural apparent density. (c) Trend curve of 7 and 28 days’ tube crushing strength.
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Figure 3: Curves of relationship between desert sand substitution rate and performance of desert sand ceramsite concrete. (a) Trend curve of
slump. (b) Trend curve of 28 days’ natural apparent density. (c) Trend curve of 7 and 28 days’ tube crushing strength.

Table 12: Benchmark mixture ratio of desert sand ceramsite lightweight aggregate concrete.

Strength grade Cement Fly ash Ceramsite River sand Desert sand Water reducing agent Water
LC20 260.1 45.9 451.4 466.8 239.3 6.1 153.0
LC25 272.0 68.0 400.4 552.8 283.4 6.8 153.0

Table 13: Test results of benchmark mixture ratio.

Strength grade Slump (mm) Apparent density (kg/m3)
Tube crushing strength

(MPa)
7 d 28 d

LC20 86 1 707.9 15.9 24.0
LC25 74 1 734.6 19.0 28.5
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was lower than that reported in the literature [21]. ,is
shows that the thermal insulation performance of ceramsite
concrete mixed with desert sand can satisfy the requirements
of the Chinese code, which further indicates that desert sand
ceramsite concrete can be used to produce new lightweight
walls with integrated heat preservation and load-bearing.

Figure 4 shows the failure mode and interface of the
desert sand lightweight aggregate concrete under com-
pression. Unlike the failure mode of ordinary concrete,
whose failure surface develops at the cement stone-aggregate
interface, the failure surface of the desert sand lightweight
aggregate concrete not only did develop at the interface area
but also passed through the lightweight aggregate, owing to
its low strength.

4. Conclusions

In this study, orthogonal tests were conducted to investigate
the effects of the water-binder ratio, sand ratio, desert sand
substitution rate, and fly ash content on the slump, apparent
density, and tube crushing strength of desert sand ceramsite
lightweight aggregate concrete. Hence, a reasonable mixture
ratio was obtained for the LC20 and LC25 strength grades.
On this basis, the physical and mechanical properties of the
desert sand ceramsite lightweight aggregate concrete were
investigated. ,e main conclusions drawn from this study
are as follows:

(1) ,e water-binder ratio, sand ratio, and desert sand
substitution rate were the main factors affecting the
performance of the desert sand ceramsite lightweight
aggregate concrete, and the influence law is

essentially consistent with that of ordinary concrete.
(i) As the water-binder ratio increased, the slump
gradually increased, and the apparent density and
tube crushing strength gradually decreased. (ii) As
the sand ratio increased, the slump first increased
and then decreased and reached its peak value when
the sand ratio was 38%; the apparent density linearly
increased and the tube crushing strength slightly
increased. (iii) With the increase of the desert sand
substitution rate, the slump first decreased and then
increased and reached its minimum value when the
desert sand substitution rate was 20%. Moreover, the
apparent density and tube crushing strength grad-
ually increased.

(2) A reasonable mixture ratio was obtained for the two
strength grades of the lightweight aggregate
ceramsite concrete. ,e mixture ratio of the LC20
strength grade is as follows: water-binder ratio of 0.5,
sand ratio of 38%, desert sand substitution rate of
30%, and fly ash content of 15%.,emixture ratio of
the LC25 strength grade is as follows: water-binder
ratio of 0.45, sand ratio of 41%, desert sand sub-
stitution rate of 40%, and fly ash content of 20%.

(3) It is technically feasible to use desert sand to replace
ordinary sand in the production of ceramsite
lightweight aggregate concrete. Based on the rea-
sonable desert sand substitution rate, the technical
indices, such as the bulk density, thermal conduc-
tivity, and slump, and the mechanical properties of
the desert sand lightweight aggregate concrete can
satisfy the required specifications. Desert sand

Table 14: Main physical and mechanical properties of desert sand ceramsite lightweight aggregate concrete.

Strength grade Cubic tube crushing
strength (MPa)

Axial tube crushing
strength (MPa)

Static elastic modulus
(×103MPa)

Splitting tensile
strength (MPa)

,ermal conductivity
(W/(m K))

LC20 24.0 22.3 18.23 1.95 0.3378
GJ51-2002 [21] 20.0 13.4 14.5–15.4 1.54 0.66
LC25 28.5 26.7 21.66 2.21 0.3616
GJ51-2002 [21] 25.0 16.7 16.2–17.2 1.78 0.76

(a) (b)

Figure 4: Test results for desert sand lightweight aggregate concrete. (a) Compressive failure mode. (b) Failure interface.
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lightweight aggregate concrete can be used in the
large-scale production of new lightweight walls with
integrated heat preservation and load-bearing, which
has broad application prospects for multistory
buildings in cold desert areas.
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