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Abstract 9 

To improve the stability of sloping farmland, the optimal ratio parameter of composite soil was 10 

determined. Single and mixed composite soils were prepared with three improved materials of 11 

glutinous rice glue, wood fibres and coarse sand for indoor direct shear tests and pot experiments. 12 

Based on the different moisture and soil contents, the shear strength, cohesion, and internal 13 

friction angle of the composite soil were analyzed, and the proportioning parameters were adjusted 14 

according to the suitability of plant growth. Slope stability analysis was performed in combination 15 

with the actual case of slope farmland improvement. The research results show that (1) different 16 

soil improvement materials are affected by moisture in different sections. The maximum shear 17 

strengths of composite soil with glutinous rice glue, wood fibre, and coarse sand correspond to 18 

11%, 14% and 32% of the optimal moisture content respectively. The change in the content of the 19 

modified material will affect the soil structure, and the shear strengths of the single composite 20 

soils are the highest when the content of the modified material are 1.5%, 5% and 15%. (2) 21 

According to the shear strength and the suitability of plant growth, the contents of the glutinous 22 

rice glue, wood fibre, and coarse sand of the mixed composite soil were determined by the optimal 23 

ratio parameters of 1.5%:2.5%:15%. (3)In this application, the minimum safety factor of mixed 24 

(1.5% glutinous rice glue, 2.5% wood fibre, and 15% coarse sand) composite soil is higher than 25 

that of single composite soil at slopes of 10°, 15°, and 20°. Under different water contents, the 26 

overall stability of the mixed composite soil slope improves. 27 

 28 

Keywords Slope farmland ·  Land consolidation ·  Composite soil · Soil shear 29 

strength ·  Slope safety factor 30 

Introduction 31 

Soil loss on sloping farmland is a common problem related to land use in hilly areas. Sloping 32 

farmland has large slopes, loose soil, and high erodibility. During the rainy season, the soil has 33 

high water content and heavy viscosity, which is not conducive to water infiltration; When the 34 

water content of the soil is high, the soil will crack and break, and fine grains will gradually be 35 

lost, thereby causing the degradation of the slope of the farmland and its ecological function. 36 
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Relevant studies have shown that improvement of soil due to the addition of a certain amount of 1 

material has the effects of increasing the shear strength of soil, increasing the moisture content, 2 

improving the soil structure, and reducing soil erosion(Xiao et al. 2017; Le et al. 2020; Liu et al. 3 

2012;Pan et al. 2003;Sun et al. 2020; Xi et al. 2018). Therefore, in the improvement of sloping 4 

farmland, improving the soil structure and stability of sloping farmland is particularly important 5 

for plant growth. 6 

At present, research on the soil properties of soil conditioner has attracted widespread attention 7 

from scholars at home and abroad, especially research on the effects of different materials on the 8 

soil stability, in the fields of agricultural engineering and geotechnical engineering. In the field of 9 

agricultural engineering, some scholars have used a biochar(Peng et al. 2019), carbon-based(Chai 10 

et al. 2017), application of soil amendments (ferrous sulfate FES, aluminium sulfate ALS, 11 

polyacrylamide PAM) and soil disinfectants (pentachloronitro benzene PCNB) (Ji et al. 2011), 12 

combined application of soil amendments(Pan et al. 2008), earthworm manure(Shao et al. 2020), 13 

organic materials (straw mulch, biomass charcoal and pig manure) (Zhang et al. 2017) and other 14 

soil amendments to study the effect of soil agglomeration on slope farms. Body stability, soil 15 

agglomeration, organic carbon (OC) content, soil water holding capacity and effective soil 16 

reservoir capacity, soil infiltration rate and water holding capacity, water retention, sand control, 17 

and fertilizer control have good control effects, but there are few studies on the effect of soil 18 

amendment application on the soil mechanical properties of sloping farmland. Research on the 19 

mechanical properties of the soil of sloping farmland mainly focuses on different land use types(Li 20 

2017), farming methods (Du et al. 2018), rainfall intensities and slopes (Yuan et al. 2015), soil 21 

particles (Fan 2019), soil bulk densities and moisture contents (Zhang et al. 2020), plants (Ding et 22 

al. 2017; Pu et al. 2014; Shi et al. 2016) and other influencing factors on the response the of soil 23 

shear strength, without considering the effect of soil amendments on the mechanical properties of 24 

soil. In the field of geotechnical engineering, some scholars have found that the influence of the 25 

ratio of rock blocks on the shear strength of cemented soil-rock mixtures depends on the 26 

combination of the skeletal effect of rock blocks and the cementation effect of the mixture (Jin et 27 

al. 2017; Tang et al. 2018); for the resistance of soil-rock mixtures, the shear strength largely 28 

depends on the characteristics of its internal stone content. With increasing the stone content, the 29 

internal friction angle increases obviously, while the cohesive force shows a decreasing trend. The 30 

cohesive force mainly depends on the internal fine particles of the components (Xu et al. 2011; Xu 31 

et al. 2013; Yang et al. 2016); When using curing agent PX to study the strength of sand 32 

solidification, it is observed that curing agent PX will form a gel, which changes the adhesion 33 

strength between the soil particles, thereby resulting in an increase in the overall strength, and 34 

there is an optimal addition amount (Liu et al. 2017; Guo et al. 2017). When using the SH curing 35 

agent to strengthen the loess, it is observed that the curing agent effectively improves the shear 36 

strength of the loess. The internal friction angle and cohesive force of the solidified loess increase 37 

with the increase in the content, dry density and the age The elongation shows an increasing trend, 38 

and it decreases significantly with the increase in the moisture content (Cheng 2014); the addition 39 

of coconut shell fibres to clay indicates that the increase in fibre content demonstrates that the 40 

principal stress gradually increases when the reinforced soil is damaged (Maliakal et al. 2013); 41 

when discrete palm fibres are used, it is observed that the incorporation of fibres reduces the 42 

pre-consolidation pressure of the soil, and increases the shear strength and friction angle 
43 

(Estabragh et al. 2013). The incorporation of fibres makes the soil have a stronger toughness, and 44 



the shear strength does not immediately reach the peak decrease, but maintains a certain strength 1 

for a period of time and then decreases. Due to the connection of the fibres, the residual strength 2 

of the damaged soil is still larger than that of plain soil(He 2018). 3 

In summary, on the one hand, scholars have performed much research on the improvement in 4 

soil properties on slopes with a single material, while there are few studies on the improvement in 5 

soil properties on slopes with multiple materials. On the other hand, the field of agricultural 6 

engineering mainly focuses on the improvement in the performance related to soil water and 7 

fertilizer retention, but the improvement in the soil stability is ignored, while the relative lack of 8 

research on the slope stability of soil and the benefits for plant growth are considered. In addition, 9 

the field of geotechnical engineering mainly focuses on the enhanced mechanical properties of soil, 10 

and the greater the shear strength, the better mechanical performance, but this is not conducive to 11 

plant growth. Therefore, in this paper, three materials, glutinous rice glue, wood fibre, and coarse 12 

sand, were separately prepared and combined with different moisture contents and content 13 

differences, while direct shear tests on unsaturated composite soil were carried out to study the 14 

characteristics of soil shear strength and its changing laws. The optimal proportion parameters of 15 

the composite soil were determined, and the improvement of sloping farmland was taken as an 16 

example to analyse the stability of the composite soil layer of the farmland. The research results 17 

can provide a theoretical basis and application foundation for land improvement projects. 18 

Materials and methods  19 

Test materials 20 

The soil used for this study is red loam, which is derived from the soil of farmland slopes in the 21 

valley area of Binchuan County. Its parent material is slope deposits and alluvial deposits. Due to 22 

the short time of soil formation, the degree of maturation is not high, the soil profile experiences 23 

substantial leaching. In the mineral layer, the soil fertility is relatively low, and the texture is light 24 

(Table 1). Glutinous rice glue (Fig.1-a) is an environmentally friendly adhesive made from 25 

glutinous rice starch. It has a wide range of applications and long viscosity. It is produced by 26 

Tianyi Wallpaper Co., Ltd. Wood fibre (Fig.1-b) is a natural plant cellulose fibre with an irregular 27 

fan-shaped structure, super hydrophilic properties, fast moisture absorption, large moisture 28 

absorption, 99% organic content, and 8% ash content. The fibre length is in the range of 3~10 mm, 29 

the PH is 6, and the fibre is produced by Southeast Wood Fibre Technology Co., Ltd. The test sand 30 

(Fig.1-c) is machine-made sand, which has rock particles with a particle size of less than 4.75 mm 31 

that are processed by soil removal, broken by machinery, and sieved. The shape of the particles is 32 

generally triangular, rectangular, and square. The surface is rough and angular. 33 

Table 1 Basic physical properties of soil samples 

Air-dry moisture 

content /% 

Maximum dry density 

/g·cm-3 

Optimum moisture 

content /% 

Liquid limit 

/% 

Plastic limit 

/% 

6.00 1.43 32.00 53.28 24.63 

 34 



  1 

(a)Glutinous rice glue             (b) Wood fibre              (c)Coarse sand 2 

Fig. 1  Three red soil improved materials 3 

Sample preparation 4 

There were three content gradients of 0.5%, 1.5%, and 2.5% for glutinous rice glue; three 5 

content gradients of 1%, 2.5%, and 5% for wood fibre; and four content gradients of 5%, 10%, 6 

15%, and 20% for coarse sand. The gradients were mixed with red soil, and plain soil was used as 7 

the control group. All samples were designed to make 4 composite soil samples with different 8 

moisture contents of 30%, 32%, 34%, and 36%. However, the experiment showed that glutinous 9 

rice glue and wood fibre have high water absorption. Too low of a mixing water content is not 10 

conducive to the full mixing of soil particles. Therefore, more water is used for mixing, but the 11 

composite soil formed by mixing is due to moisture. If the direct shear test is performed directly, 12 

the data are inconsistent, the law is not obvious, and the test results are inaccurate. Therefore, the 13 

air-drying method is used to control the moisture content of the composite soil and make multiple 14 

samples with different moisture contents. The moisture content of the glutinous rice glue 15 

composite soil was controlled to 7, which was 3%, 5%, 7%, 9%, 11%, 13%, and 15%, and that of 16 

the wood fibre composite soil was 5, which was 7%, 14%, 21%, 28%, and 35%. Glutinous rice 17 

glue, wood fibre, coarse sand, and plain soil were made into 21, 15, 16, and 4 different treatments, 18 

for a total of 56 treatments, and each treatment was repeated 4 times. 19 

Test method 20 

Studies have shown that if the vertical pressure is more than 400 kPa, the vertical pressure and 21 

the shear strength of the soil exhibit a linear relationship. If the vertical pressure is below 100 kPa, 22 

the friction between the shear boxes will increase, which will affect the accuracy of the test. 23 

Therefore, this article uses the ZJ strain control direct shear instrument produced by Nanjing soil 24 

instrument factory Co., Ltd, to perform the shear tests, and the shear rate was 4 r/min. To obtain a 25 

complete shear strength curve, the 4 levels of vertical pressure for each processed sample were 26 

100 kPa, 200 kPa, 300 kPa, and 400 kPa. In strict accordance with the norms "Geotechnical Test 27 

Method Standards", for the provisions of the fast shear test(Nanjing hydraulic research institute 28 

1999), the Coulomb formula is used to obtain the cohesion and internal friction angle of the 29 

composite soil under different conditions: 30 

c+=  tan
             (1) 

31 

In the formula,  is The shear strength of the soil (kPa);  is the vertical pressure (kPa); 32 

 is the angle of internal friction (°); and c  is the cohesion (kPa).
 

33 

Data analysis and processing 34 



Origin2017 is used to process and analyse the measurement data and draw charts. Geostudio 1 

software is a specialized software for slope stability analysis. The simulation in this paper adopts 2 

the Morgenstern-rice method to calculate and analyse the slope stability(He et al. 2019). In the 3 

model simulation of this article, the slope is set in combination with the actual case. During the 4 

simulation, only the internal friction angle and cohesion of each test group under different water 5 

content conditions are changed, and the most dangerous slip surface of the same slope under 6 

different conditions is calculated for the corresponding minimum safety factor. 7 

Results and analysis  8 

Analysis of shear strength of single composite soil with different water contents  9 

When the moisture content of composite soil changes, its shear strength also changes, and 10 

composite soils of different materials exhibit different performances(Table 2 and Fig.2). With 11 

increasing water content, the shear strength of plain soil is relatively stable when the water content 12 

is in the range of 30~32% and then slowly decreases. The internal friction angle fluctuates slightly, 13 

the floating range is between 22.06~22.4°, the change rule is not obvious, and the cohesive force 14 

continues to decrease. The shear strength and internal friction angle of glutinous rice glue 15 

composite soil shows a trend of first decreasing, then increasing and then decreasing. The 16 

cohesion increases slowly at water contents of 3%~7%, and at the 7%~15% stage, it increases 17 

rapidly and then decreases rapidly. When the moisture content is 3%, the glutinous rice glue is 18 

dehydrated and solidified and mostly exists in the form of solid particles in the composite soil. 19 

When the moisture increases, the glutinous rice glue gradually absorbs water and softens 20 

becoming "gelatinous", the cementing effect is enhanced, and the cohesive force increases. The 21 

internal friction angle is reduced. When the moisture content is 11%, the shear strength, internal 22 

friction angle and cohesive force all reach maximum values. The shear strength and cohesive force 23 

of wood fibre composite soil showed a significant decline after the moisture content increased to 24 

14%. When the water content is 21%, the internal friction angle reaches a maximum value; when 25 

the water content increases to 28%, it shows a rapid decreasing trend. The hysteresis phenomenon 26 

of the internal friction angle may be due to the increase in soil moisture, and the structure between 27 

the wood fibre and the soil particles and the structure between the soil particles and the soil 28 

particles are changed by water, and re-occluding occurs; therefore, the contact area changes, 29 

thereby resulting in a certain internal friction angle. The water cut interval increases slightly first, 30 

which occurs in the water interval of 14-21% in this study. The shear strength, internal friction 31 

angle and cohesive force of coarse sand composite soil first increase and then decrease. When the 32 

water content is 32%, the three values are the largest; The internal friction angle and cohesive 33 

force are affected by the changes in the influence of moisture are basically the same, and there is 34 

no hysteresis(Fig.2). Because the soil amendment and soil particles combine to form a certain 35 

strength, the effect of moisture content on the soil will be reduced. 36 

Table 2 Changes in shear strength of single composite soil under different water content 37 

conditions 38 

(kpa) 39 

category Moisture content /% 
Vertical pressure /kpa 

100 kpa 200 kpa 300 kpa 400 kpa 

Plain soil 30% 76.81 117.66 158.50 199.34 



32% 75.98 117.22 158.46 199.71 

34% 68.69 109.21 149.73 190.25 

36% 67.16 107.93 148.70 189.48 

Glutinous rice glue 

composite soil 

3% 136.44 213.44 315.56 401.84 

5% 99.43 147.46 185.03 234.2 

7% 89.71 119.99 142.04 178.3 

9% 213.49 295.73 377.56 471.64 

11% 268.8 362.34 480.07 593.11 

13% 184.4 230.04 325.9 384.53 

15% 97.33 124.41 179.9 213.2 

Wood fibre  

composite soil 

7% 439.64 479.2 534.9 617.24 

14% 372.87 549.89 587.93 601.71 

21% 261.04 242 464.39 508.18 

28% 131.38 200.87 266.56 361.76 

35% 34.11 99.19 109.09 128.35 

Coarse sand  

composite soil 

30% 60.56  106.28  152.00  197.72  

32% 71.96  119.23  166.50  213.77  

34% 66.19  111.85  157.51  203.16  

36% 62.49  106.93  151.37  195.81  

Note: In the three single composite soils, the mixing amounts of glutinous rice glue, wood fibre, and coarse sand 1 

are 1.5%, 5%, and 5%, respectively. 2 
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(a) Plain soil 4 
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(b) Glutinous rice glue composite soil 1 
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(c) Wood fibre composite soil 3 
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(d) Coarse sand composite soil 5 

Note: The mixing amount of glutinous rice glue, wood fibre, and coarse sand are respectively 1.5%, 5%, and 5% as 6 

examples. 7 

Fig. 2 Changes of internal friction angle and cohesion of single composite soil under different 8 

water content conditions 9 

Shear strength analysis of single composite soil with different contents  10 

Figure 3 shows that under the vertical pressure range of 100-400 kPa, the shear strengths of 11 

composite soils with different contents, such as glutinous rice glue, wood fibre, and coarse sand, 12 

are greater than that of plain soil. With increasing glue content, the shear strength and internal 13 

friction angle of the glutinous rice glue composite soil first increase and then decrease. When the 14 

glue content is 1.5%, the two values are the largest. Among them, the cohesive force shows a 15 

continuous increasing trend. However, the rate of increase in the high-content stage (1.5~2.5%) is 16 

slower than that in the low-content stage (0.5~1.5%) because the admixture of glue into the soil 17 

can promote the agglomeration of soil particles through the coagulation of the glue and improve 18 

the cohesion and internal friction angle. However, when the amount of glue is too high, the 19 

proportion of soft glue will increase to form a glue network, which separates and wraps the soil 20 

particles, reduces the contact area between the soil particles, and makes the soil form a "soft 21 

plastic" shape. Therefore, the shear strength is reduced. With increasing fibre content, the shear 22 

strength, internal friction angle and cohesive force of wood fibre composite soil show a 23 



continuous upward trend. When the fibre content is 5%, the three values are relatively large, and 1 

the maximum value is not reached. As the sand content increases, the shear strength and internal 2 

friction angle of the coarse sand composite soil gradually increase, thereby reaching a maximum 3 

value at a content of 15% and then beginning to show a downward trend. When the sand content 4 

ranges from 5% to 15%, coarse sand can contact the soil particles, and the internal friction angle 5 

will increase; when the sand content exceeds 15%, since the particle size of the coarse sand itself 6 

is much larger than that of the soil particles, the mass and volume of the coarse sand in the 7 

composite soil increase, and the sand particles will interact with each other. It is difficult for the 8 

particles to come into close contact with each other; therefore, a certain void structure is formed, 9 

the internal friction angle begins to decrease, and the cohesive force is negatively related to the 10 

sand content. The greater the sand content is, the lower the cohesive force. 11 

Table 3 Changes in shear strength of single composite soil under different content conditions 12 

(kpa) 13 

category Content /% 
Vertical pressure /kpa 

100 kpa 200 kpa 300 kpa 400 kpa 

Plain soil -- 75.98 117.22 158.46 199.71 

Glutinous rice glue 

composite soil 

0.5% 103.24 137.55 183.19 206.29 

1.5% 268.8 362.34 480.07 593.11 

2.5% 199.95 233.53 235.51 271.98 

Wood fibre  

composite soil 

1% 122.45  150.66  178.86  207.06  

2.5% 292.78  381.46  470.15  558.83  

5% 372.87 549.89 587.93 601.71 

Coarse sand  

composite soil 

5% 71.96  119.23  166.50  213.77  

10% 73.40  126.37  179.34  232.31  

15% 74.59 130.84  187.10  243.35  

20% 69.69  124.84  180.00  235.16  

Note: The moisture content of plain soil is 32%; the moisture content of glutinous rice glue, wood fibre, and coarse 14 

sand are 11%, 14%, and 32% respectively. 15 
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a. Glutinous rice glue composite soil 17 
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b. Wood fibre composite soil 2 
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c. Coarse sand composite soil 4 

Note: The moisture content of plain soil is 32%; the moisture content of glutinous rice glue, wood fibre, and coarse 5 

sand are 11%, 14%, and 32% respectively. 6 

Fig. 3 Shear strength changes of composite soil with different contents 7 

 8 

Determination of the optimal ratio parameters of the mixed material composite soil  9 

According to section 2.2, when the shear strength of the three glutinous rice glue, wood fibre, 10 

and coarse sand materials is the highest, the corresponding optimal contents are 1.5%, 52.5%, and 11 

15%, respectively. The optimal content of the three materials is mixed with red soil to form a new 12 

mixed composite soil, and the shear strength of these mixtures is compared with the shear strength 13 

of a single composite soil(Fig.4). Under different water contents, the shear strength of mixed 14 

composite soil is greater than the shear strength of single composite soil with the optimal water 15 

content and optimal content of soil, and the shear strength decreases slowly with increasing water 16 

content. The internal friction angle of the mixed composite soil first increases and then decreases. 17 

This is mainly due to the effect of water on glutinous rice glue. In the water content range of 18 

11-14%, the glutinous rice glue is gradually diluted and transforms between the colloidal state and 19 

the fluid state, which is caused by the change in the soil structure. The cohesive force of the mixed 20 

composite soil shows a continuous decreasing trend. When the moisture content is 11%, the 21 

cementation effect of the glutinous rice glue is fully exerted, and the cohesive force is the largest; 22 

when the moisture content is 14%, the cohesive force of the mixed composite soil is lower than 23 



that of the wood fibre composite soil. This may be because the glutinous rice glue in the soil 1 

occupies a certain proportion, it is diluted by water, and the binding effect of the wood fibres is 2 

affected. Overall, the internal friction angle and cohesion of mixed composite soil are better than 3 

those of single composite soil. 4 
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(a)Shear strength          (b)Internal friction angle           (c)Cohesion 6 

Note: The vertical pressure corresponding to the shear strength in a picture is 200kpa. 7 

Fig. 4  Change of shear strength of mixed material composite soil 8 

 9 

In the improvement of sloping farmland, in addition to considering the shear strength of the 10 

slope, the suitability of plant growth should be considered. During the experiment (Figure 3-b), it 11 

was found that the content of wood fibre increased, and the shear strength and cohesive force 12 

continued to increase. The contribution rate to the soil consolidation ability was greater than that 13 

of glutinous rice glue and coarse sand, but too high of a wood fibre content would cause soil 14 

compaction, which is not conducive to plant growth. Therefore, the wood fibre content for the 15 

optimal ratio parameters of the shear strength of the abovementioned mixed composite soil was 16 

designed to be 1.5%, 2.5%, 4% and 5% for pot experiments to test the growth suitability of plants, 17 

as shown in Fig.5 (an image was taken when the plant was planted for approximately 3 months, 18 

and the planted herb was Cynodon dactylon). According to the test results, the total biomasses of 19 

A:B1:C, A:B2:C, A:B3:C, and A:B4:C were 153.06 g/m2, 158.22 g/m2, 37.65 g/m2 and 11.42 g/m2, 20 

respectively. A:B1:C and A:B2:C significantly increased the total biomass, the value of A:B2:C was 21 

slightly higher than that of A:B1:C, and the plants grew well (Table 4). 22 

Table 4 content ratio of each improved material and herbaceous biomass of mixed improved 23 

composite soil used for grass planting 24 

Different mixtures of improved soil 

used for growing grass 

Add the content/% 

Biomass(g) A:Glutinous rice 

glue 
B:Wood fibre C:Coarse sand 

1 1.5 1.5 15 153.06 

2 1.5 2.5 15 158.22 

3 1.5 4 15 37.65 

4 1.5 5 15 11.42 

 25 



 1 

Note: A is glutinous rice glue;B is wood fibre;C is coarse sand. 2 

Fig. 5  Planting conditions of mixed composite soil with different ratios 3 

Case analysis  4 

Project area overview 5 

The project area is located in Binchuan County, which belongs to the dry-hot valley of the 6 

Jinsha River of China (Fig. 6). It is located between 100°16′～100°59′ east longitude and 7 

25°32′～26°12′ north latitude. The altitude is 1410 metres to 1558 metres, and the landform is a 8 

red soil hilly area. It has a semiarid monsoon climate in the southern subtropical zone. The 9 

average rainfall is 560.9 mm, the annual average temperature is 17.9°C, and the frost-free period 10 

is 294 days. This project is a land consolidation demonstration project. The total land area is 11 

426.85 hectares, of which 393.74 hectares are wasteland, 10.61 hectares are erosion bare land, and 12 

22.50 hectares are dry land. After the implementation of the land improvement project, an area of 13 

406.84 hectares of slope-to-terraced conversion was realized, with a slope of 10-20° and a total 14 

slope area of 115.27 hectares. 15 

 16 

A: B4: C =  

1.5% : 5% : 15% 
A: B3: C = 

1.5% : 4% : 15% 

A: B2: C=  

1.5% : 2.5% : 15% 
A: B1: C = 

1.5% : 1.5% : 15% 



Fig. 6  Location of the study area of Binchuan county in China 1 

Analysis of the application results  2 

According to the actual situation of the project area and the optimal content ratio parameter 3 

of 1.5%:2.5%:15% determined by the three composite materials of glutinous rice glue, wood fibre 4 

and coarse sand, the application of terrace embankment slope treatment was performed. Three 5 

slopes of 10°, 15°, and 20° were set, and the SIOPE/W slope analysis module in Geostudio 6 

software was used to analyse and process the slope safety factors of single composite soil and 7 

mixed composite soil(Table 5). 8 

Under different slopes, the minimum safety factor of the slope for the three single composite 9 

soils showed an upward trend before reaching the optimal water content and showed a downward 10 

trend after the optimal water content was achieved. At the optimal moisture content, the minimum 11 

safety factor of the slope was ranked in the following order: wood fibre composite soil> glutinous 12 

rice glue composite soil> coarse sand composite soil. The minimum safety factor of the slope of 13 

the mixed composite soil for the three improved materials increased with the increase in water 14 

content, it was the largest when the water content was 11%, and then it gradually decreased. When 15 

the water content was 14%, the minimum slope of the mixed composite soil was achieved, the 16 

safety factor was slightly lower than that of wood fibre composite soil, and it was higher than that 17 

of single composite soil under other moisture content conditions. However, when the moisture 18 

content increased to 28%, the minimum safety factor of the slope of composite soil was less than 19 

that of wood fibre, and the overall stability was better. The composite soil of mixed materials 20 

(1.5% glutinous rice glue, 2.5% wood fibre, 15% coarse sand) was applied to the slope surface of 21 

the slope of the farmland, which can effectively enhance the stability of the sloping farmland slope 22 

(Fig.7). 23 

Table 5  Minimum slope safety factors of composite soil with different content 24 

Slope 

/ ° 

Moisture 

content / % 

1.5%A:2.5%B:15%C  

mixed composite soil 

1.5% A 

composite soil   

2.5% B Composite 

soil 

15% C 

composite soil 

10 ° 

5% 20.550 5.671   

11% 22.749 14.301   

14% 22.092  23.512  

28% 16.585  11.652  

32% 14.160   3.095 

36% 12.224   2.433 

15 ° 

5% 13.649 3.717   

11% 14.829 9.369   

14% 14.496  15.335  

28% 10.874  7.791  

32% 9.288   2.069 

36% 8.031   1.607 

20 ° 

5% 10.159 2.799   

11% 11.263 7.060   

14% 10.899  11.637  

28% 8.184  5.872  

32% 6.987   1.539 

36% 6.026   1.197 



Note: A is glutinous rice glue;B is wood fibre;C is coarse sand. 1 

 2 
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(a1) Before slope improvement            (a2) After slope improvement 4 

 5 

   6 

(b1)Before slope improvement            (b2) After slope improvement 7 

Fig. 7 Comparison of planting grass before and after application of mixed improved materials 8 

Conclusion 9 

(1) Different moisture contents have different effects on the three soil improvement materials. 10 

When stabilizing the soil, to facilitate the full combination of the amendment and the soil particles, 11 

the optimal moisture contents of glutinous rice glue composite soil, wood fibre composite soil, and 12 

coarse sand composite soil are 11%, 14% and 32%, respectively. After stabilizing the soil, the 13 

modifier and soil particles combine to form a certain strength, and the effect of the changes in 14 

water content on the soil is also reduced. Among them, the shear strength of plain soil is relatively 15 

stable when the water content is in the range of 30-32% and then slowly decreases, the internal 16 

friction angle does not change significantly, and the cohesive force continues to decrease. The 17 

internal friction angle does not change significantly, and the cohesive force continues to decrease. 18 

The shear strength and internal friction angle of the glutinous rice glue composite soil showed a 19 

trend of first decreasing, then increasing and then decreasing. The cohesive force increased slowly 20 

at a water content of 3%~7%, increased rapidly at the 7%~15% stage and then decreased rapidly. 21 

When the moisture content was 11%, the shear strength, internal friction angle, and cohesive force 22 

all reach maximum values; the shear strength and cohesive force of wood fibre composite soil 23 

showed a significant decline after the moisture content increased to 14%. When the water content 24 

increased to 28%, the internal friction angle showed a rapid decreasing trend; the shear strength, 25 

internal friction angle and cohesive force of the coarse sand composite soil first increased and then 26 

decreased. When the water content was 32%, the three maximum values were reached. 27 

(2) The difference in the content of soil improvement materials will affect the soil structure. 28 

Compared with plain soil, adding different improvement materials can increase the shear strength 29 



of the soil. As the glue content increases, the shear strength and internal friction angle of glutinous 1 

rice glue first increase and then decrease. When the glue content is 1.5%, the two values are the 2 

largest. When the glue content is too high, the soil particles will be separated and wrapped, 3 

thereby reducing the contact area between the soil particles and making the soil form a "soft 4 

plastic" shape; with the increase in fibre content, the shear strength and internal friction angle and 5 

cohesive force both show a continuous upward trend. When the fibre content is 5%, the three 6 

values are larger; as the sand content increases, the shear strength and internal friction angle of the 7 

coarse sand composite soil gradually increase. At 15%, the content reaches a maximum value and 8 

then begins to show a downward trend. The cohesion and sand content are negatively correlated, 9 

and the higher the sand content is, the lower the cohesion. 10 

(3) The shear strength of mixed (1.5% glutinous rice glue, 5% wood fibre, and 15% coarse sand) 11 

composite soil is greater than the shear strength of the optimal moisture content and optimal 12 

content of a single composite soil; combined with plant growth suitability, when the mixing ratio 13 

parameters are adjusted, the total biomass of the composite soil with mixed materials (1.5% 14 

glutinous rice glue, 2.5% wood fibre, and 15% coarse sand) is the highest, which is suitable for 15 

plant growth. 16 

(4) Combined with the actual case of slope farmland consolidation, the minimum safety factor of 17 

the slope of the mixed (1.5% glutinous rice glue, 2.5% wood fibre, and 15% coarse sand) 18 

composite soil is better than the three slopes of 10°, 15° and 20° The slope of single composite 19 

soil has better overall stability than that of composite soil under different water contents. 20 
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