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Abstract. This paper studies the use of cement fly ash to stabilize the graded gravel and the use 
of aeolian sand instead of fine aggregates in the design of mixture composition. Firstly, the effect 
of different cement-fly ash ratios on the aeolian sand bases was investigated, and then the 
synergistic effects of osmotic crystalline surface protectant (OCSP) and different cement-fly ash 
ratios on the mechanical properties and water-blocking properties of aeolian sand were analyzed. 
The results indicated that the optimal water content and maximum dry density of the mixture are 
increased and the unconfined compressive strength of the 7 d and 28 d both is downward by fly 
ash. The unconfined compressive strength of the aeolian sand base treated by OCSP was 
significantly improved, and the enhancement effect was more significant with the increase of 
cement content. The water absorption rate of each group of specimens increased rapidly during 
the first 10 hours of immersion., However, the water absorption rate of the specimen treated with 
OCSP was almost zero in the whole water absorption process after 10 hours. 
Keywords: aeolian sand bases, mechanical property, osmotic crystalline surface protectant. 

1. Introduction 

At present, China is one of the most decertified countries in the world with the largest 
desertification area, and serious damage from aeolian sand. In China, it will play a positive role in 
controlling sand damage and providing land for cultivation if aeolian sand resources can be used 
to build roads. In addition, aeolian sand resources can also replace natural river sand for pavement 
construction and relieve the pressure of natural river sand caused by insufficient resources. In 
recent years, the use of aeolian sand to fill the base of roads in desert areas has become increasingly 
popular. 

Scholars have conducted extensive research on the engineering characteristics of aeolian sand. 
They agree that Aeolians and have many special engineering characteristics, such as poor 
gradation, high water permeability, and difficulty in compaction [1-5]. They also discovered that 
the compaction behavior of aeolian sand differs from that of other clays. Specifically, aeolian sand 
forms a “double hump” shape after compaction, indicating that it can achieve proper compaction 
when it's at an air-dried state and optimal moisture content states [6-11]. Aeolian sand cannot be 
used directly in road bases, and as a result, numerous researchers have conducted extensive 
research to improve its engineering properties for road construction purposes. According to Fan 
et al. [12], mixing rolled aeolian sand with round gravel soil can improve the foundation 
coefficient and porosity. Additionally, many scholars have used various cementitious materials 
and curing agents to stabilize the aeolian sand and achieved good results. For instance, Banhdadi 
and Rahman [13] investigated the effect of different ratios of kiln dust cement on the performance 
of aeolian sand bases and identified the optimal ratio. However, most of the existing research has 
been limited to indoor experiments and lacks studies on aeolian sand bases in natural 
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environments. This is particularly important given the unique environmental factors of desert 
areas, such as high wind speeds and large temperature variations between day and night, which 
can exacerbate water loss and lead to the degradation of the road performance of the base. 
Therefore, effective measures should be taken when using aeolian sand in such environments, 
considering the influence of environmental factors. Recent studies have suggested that coating the 
surface of cement-based materials with an osmotic crystalline surface protectant (OCSP) can 
block the interaction of internal and external moisture and enhance the durability of cement-based 
materials [14-16]. 

This research aimed to mitigate the negative impacts of environmental factors on aeolian sand 
bases by utilizing the crystalline seal effect of OCSP. In addition, the study investigated the use 
of cement fly ash to stabilize graded gravel and replaced fine aggregates with aeolian sand in the 
mixture composition. The effect of varying cement-fly ash ratios on the mechanical and 
water-blocking properties of aeolian sand bases was analyzed. Furthermore, the study explored 
the synergistic effects of OCSP and different cement-fly ash ratios on the properties of aeolian 
sand. These findings provide important theoretical support for the wider adoption and utilization 
of aeolian sand in desert areas. 

2. Materials and methods 

2.1. Fine aggregate (Aeolian sand) 

The aeolian sand employed in the current study was from the Mu Us Desert, this area’s aeolian 
sand was composed primarily of light minerals such as quartz and feldspar, with smaller amounts 
of hornblende, epidote, and garnet. At the same time, the natural dry density, natural water content, 
and mud content of sand in this area were generally 1.53-1.64 g cm-3, 1.3 %-3.2 %,  
5.0 %-10.0 %, respectively [5-10]. The results of the aeolian sand screening are shown in Table 1, 
and the sieving results indicate that the main particle size distribution was between 0.075 and 
0.3 mm, it can be obtained by calculating the results in Table 1 that the non-uniformity coefficient 
(Cu), curvature coefficient (Cc), and fineness modulus (Mx) of this area were 2.13, 2.13 and 5.73, 
respectively. According to the standard “Soil Engineering Classification Standard”  
GB/T50145-2007, aeolian sand in this area is poorly graded sand and belongs to fine sand. 

Table 1. Basic size and style requirements 
Size of the mesh / mm < 0.075 0.075 0.15 0.3 0.6 1.18 2.36 4.75 

Pass rate / % 0.11 11.2 90.7 94.3 93.7 95 99.63 99.98 

2.2. Coarse aggregate (crushed stone) 

The test coarse aggregate was used from the Sun Mountain region of Ningxia, and the particle 
sizes of this coarse aggregate were 2.36-4.75 mm, 4.75-9.5 mm, and 9.5-26.5 mm. The results of 
its basic engineering performance testing are presented in Table 2. 

Table 2. Results of basic engineering performance tests 

Performance indexes Particle size / mm 
2.36-4.75 4.75-9.5 9.5-26.5 

Crushing value / (%) 19.2 17.8 20 
Elongated particle / (%) 14.2 13.5 12 
Water absorption / (%) 0.78 0.38 0.22 

Performance density / (g/cm3) 2.64 2.71 0.22 

2.3. Cementitious material 

The cement employed in the current study was P.I 42.5 (from Jidong Cement Co., Ltd). The 
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physical and chemical composition of the cement were shown in Table 3. And the fly ash 
employed was Class III fly ash (from Zhongyu Thermal Power Plant of Zhongyang Iron and Steel, 
Shanxi Province). The basic engineering performance tests of the fly ash were shown in Table 4. 

Table 3. Physical and chemical composition of cement 
Loss on 

ignition / % 
Specific surface 
area / (m2kg-1) Setting time / min Compressive 

strength / MPa 
Bending 

strength / MPa 

3.89 364 
Initial 
setting 

Final 
setting 3d 28d 3d 28d 

202 259 30.4 50.4 6.4 7.5 

Table 4. Basic engineering performance of fly ash 

SiO2 Al2O3 Fe2O3 MgO Loss on ignition / % The passing rate of 
0.3 mm sieve / % 

The passing rate of 
0.075 mm sieve / % 

47.3 28.99 18.74 3.01 3.51 99.4 84.5 

2.4. Osmotic crystalline surface protectant 

The surface protective agent selected in this test was a commercially available osmotic 
crystalline surface protective agent, whose basic properties are shown in Table 5. 

Table 5. Basic properties of osmotic crystalline surface protective agent 
Density / (g/cm3) Viscosity / s Surface tension / (Mn/m) Infiltration height / mm 

1.10 11.7 25.0 30 

3. Experimental design 

In this study, aeolian sand was used to replace fine aggregates below 0.3 mm in size, with a 
continuous grading test conducted using a cement-fly ash to crushed stone ratio of 17:83. The 
composite grading of the mixture is shown in Table 6.  

Table 6. Grading table of inorganic binder synthesis 
P / mm 31.5 26.5 19 16 13.2 9.5 4.75 2.36 1.18 0.6 0.075 

The upper limit of grading / % 100 100 86 79 72 62 45 31 22 15 5 
Median of gradation / % 100 95 78 70.5 63 52 35 23.5 16.5 11 3.5 

The lower limit of grading / % 100 90 70 62 54 42 25 16 11 7 2 
Synthetic gradation / % 100 100 85.5 73.6 67.0 53.8 33.4 17.1 14.5 14.4 2.1 

Table 7. Test scheme 
Number Cement: Fly ash OCSP 

Cff-1 1:3 0 
Cff-2 1: 4 0 
Cff-3 1: 5 0 
Cfo-1 1: 3 1 
Cfo-2 1: 4 1 
Cfo-3 1: 5 1 

Compaction tests were carried out based on the “Test Regulations for Highway Engineering 
Inorganic Binder Stabilized Materials” (JTJ57-2009), with five different moisture contents used 
for each mixing ratio. Wet and dry densities of the stabilized materials were calculated for each 
test. Based on the results of the compaction test, the amount of various materials in each group 
was determined, and 13 cylindrical test pieces of size 150 mm × 150 mm were formed by static 
pressure with a press. After molding, the specimens were left standing for 24±2 h for demolding. 
The surface of the demolded specimens was cleaned with a cleaning agent to remove oil, and then 
OCSP was applied three times to the surface of each specimen in a wet state, with an interval of 
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four hours between each application. The treated specimens were then sealed in plastic bags and 
moved to a standard curing room for curing. Once the specimens reached the desired age, 
unconfined compressive strength and water absorption tests were conducted after saturating the 
specimens in water for 24 hours. The specimens were dried to a constant weight before performing 
the water absorption test. The specific test plan is presented in Table 7. 

4. Results and discussion 

4.1. Compaction test results and analysis 

Table 8 shows the compacting test results of each group, as can be seen from Table 8, the 
optimal water content and maximum dry density of the mixture gradually increase as the amount 
of fly ash increases in the cement-fly ash stable system. The reason is that fly ash has the 
engineering characteristics of a large specific surface area, large water requirement, and low 
density, as well as the ball effect of fly ash in the mixture. which improves the surface 
characteristics of aeolian sand to a certain extent and reduces the influence of aeolian sand on the 
mixture. 

Table 8. Compaction test results of each group 
Cement: Fly 

ash 
Optimal water content / 

% 
Maximum dry density / 

(g/cm3) 
Cement: Fly ash / 

(g/cm3) 
1: 3 6.30 1.76 1: 3 
1: 4 6.90 1.81 1: 4 
1: 5 7.30 1.82 1: 5 

4.2. Unconfined compressive strength test results and analysis 

Fig. 1 shows the unconfined compressive strength test results of each group at 7 and 28 days. 
According to Fig. 1, the unconfined compressive strength of 7 d and 28 d tends to decrease with 
increasing fly ash content. As compared with the Cff-1 group, the unconfined compressive 
strength of the Cff-2 group and the Cff-3 group at 7d decreased by 15.75 % and 27.75 %, 
respectively. The unconfined compressive strength of the Cff-2 group and Cff-3 group at 28 d 
decreased by 12.5 % and 23.56 %, respectively. As compared with the Cfo-1 group, the 
unconfined compressive strength of the Cfo-2 group and Cfo-3 group at 7 d decreased by 16.13 % 
and 28.17 %, respectively, and the compressive strength decreased by 13.73 % and 19.61 %, 
respectively, at 28 days. 

In addition, the unconfined compressive strength of the OCSP treatment groups was higher 
than that of the reference groups, as the unconfined compressive strength of each group treated 
with OCSP increased by 16.25 %, 15.73 %, and 15.57 % at 7 days, respectively, and the 
unconfined compressive strength increased by 16.22 %, 15.00 %, and 13.37 %, at 28 days. 
However, cement is also one of the main reasons affecting the mechanical properties of specimens. 
As the cement content increases, the effect of OCSP on the mechanical properties of specimens 
becomes more prominent. This is due to the fact that OCSP penetrates the surface pores of the 
specimen through capillary action and primarily reacts with the Ca2+ and Al3+ ions in the matrix 
to form crystals, which reinforce the specimen. With an increase in the amount of cement, more 
reactants become available for the crystallization reaction, resulting in the formation of a greater 
number of crystals [17-20]. 

4.3. Water absorption test results and analysis 

The water absorption test results for each group at 28 days are shown in Fig. 2. On the whole 
that the water absorption rate of each group increased rapidly before 10 h and tended to remain 
stable after 10 h. After 10 h, the water absorption rate of Cff-1, Cff-2, Cff-3, Cfo-1, Cfo-2, and 
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Cfo-3 were stable at 13.1 %, 15.2 %, 16.0 %, 1.8 %, 2.2 %, and 2.5 %, respectively. Compared 
with Cff-groups, the water absorption of Cfo-1, Cfo-2, and Cfo-3 groups after OCSP treatment 
decreased by 86.25 %, 85.53 %, and 84.38 %, respectively. This indicates that OCSP treatment is 
beneficial to improve the density of the specimen surface. In addition, with the increase of cement 
dosage in the cement-fly ash stabilization system, the water absorption rate of specimens 
decreases.  

This is because the osmotic crystallization of OCSP enhances the density of the surface layer 
and prevents water from entering the sample. At the same time, compared with fly ash, cement 
hydrates earlier and is more conducive to crystallization reaction [18-20]. 

 
Fig. 1. Unconfined compressive strength test results 

 
Fig. 2. Water absorption test results in 28 d 

5. Conclusions 

1) In this study, aeolian sand was used as a replacement for fine aggregates in road base 
stabilization with different cement-fly ash ratios. Compaction tests showed that increasing the fly 
ash content increased the optimum water content and maximum dry density. 

2) The unconfined compressive strength of 7 d and 28 d decreased with the increase of fly ash 
content. Moreover, the unconfined compressive strength of aeolian sand base was significantly 
improved after OCSP treatment, and the improvement effect of OCSP was obvious with the 
increase of cement content. 

3) The water absorption rate increased rapidly before 10 hours and stabilized after 10 hours, 
with different stabilization systems showing varying rates. However, OCSP treatment 
significantly reduced water absorption. 

4) The research results of this paper provide a theoretical basis support for the popularization 
and application of aeolian sand in the road base, which has important significance for further 
improving the quality of highway construction in desert areas. 
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