
 

 
 

Article 

The effect of rainfall, soil type and slope on the processes and 

mechanism of rainfall-induced landslide 

Yan Liu, Zhiyuan Deng and Xiekang Wang* 

 State Key Laboratory of Hydraulics and Mountain River Engineering, Sichuan University, Chengdu 610065, 

China; liuyan2021scu@gmail.com (Y.L.); dengzhiyuan2019@163.com (Z.D.) 

* Correspondence: wangxiekang@scu.edu.cn 

Abstract: Landslides are serious geological hazards that become a disaster worldwide, causing a 

large number of casualties and economic losses every year. There are many factors affecting land-

slide susceptibility, such as rainfall, soil and slope. Each of them has an important role in the pro-

cess of slope losing stability. In this paper, the effects of rainfall intensity, rainfall pattern, slope 

gradient and soil type on landslide susceptibility are studied. In the process of rainfall-induced 

landslide, the relevant physical quantities of soil changes continuously. Their values and processes 

are closely related to the time of landslide occurrence. Hence, the variation of soil volumetric water 

content, matrix suction, pore water pressure and total stress throughout the rainfall are measured. 

As the results, soil type, slope gradient and rainfall intensity have a large influence on landslide 

susceptibility. The occurrence of landslides has a prerequisite that the slope is greater than or equal 

to 15°. The rainfall intensity needs to be not less than 80 mm/h. The difference of rainfall pattern also 

affects the landslide susceptibility. The rainfall pattern with rainfall intensity peak at the later stage 

is more likely to induce landslide. Coarser soils with gravels are prone to landslides when other 

conditions are the same. Steeper slopes, stronger rainfall, and coarser soils can all increase the 

amount of sediment yield. 
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1. Introduction 

Landslide refers to the geological phenomenon of rock and soil mass sliding along 

the through shear failure surface on the slope, which is a type of natural hazard that is 

widely distributed throughout the world [1,2]. Landslide disasters cause tens of billions 

of dollars of economic losses and serious casualties worldwide every year. [3]. In areas 

with complex geological conditions, landslides occur more frequently [4-7]. 

In mountain regions, landslides are often triggered by intensive rainfall [8,9]. The 

rainfall will enhance moisture content, which further decreases the matrix suction and soil 

shear strength, causing landslides [10,11]. To date, there have been many studies on the 

effects of rainfall on landslides. The research methods include in situ experiments, labor-

atory experiments and numerical simulations [12,13]. The artificial rainfall test is an effec-

tive method to study rainfall-induced landslides [14]. 

Slopes with different soil compositions respond differently to rainfall. Slopes com-

posed of coarse grains and slopes composed of fine grains have different landslide sus-

ceptibility. The fine particle migration will lead to pore blockage [15]. The failure mode 

are closely related to the grain size [16]. The soil composition of slopes is closely related 

to landslide susceptibility. The prerequisite of landslides is that the clay percentage of the 

soil is higher than 2.5% [17]. Gravel soils are common in region where earthquake has 

happened. The proportion of gravel in soils has a great influence on density and void 

ratio, which dominates the time and type of landslides [18]. The type of landslides is usu-

ally a gully failure with small gravel content and usually manifested as a "layer-by-layer 

sliding" failure with large gravel content [19]. 
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To investigate the physical changes of soil during the landslide, a lot of monitoring 

equipment has been used [20]. The infiltration will change the soil characteristics largely, 

such as the water content, matrix suction, pore water press and total stress [21,22]. Matrix 

suction is an sensitive parameter when the unsaturated soils dilate or contract [23]. The 

pore water press will increase with the increasing of slope gradient [24]. 

Landslide is one of the typical gravity erosion. The sediment yield of landslide varies 

with factors [25,26]. The time scale of the impact of landslide on sediment yield in the 

basin is large. In order to comprehensively analyze sediment transport, it is necessary to 

investigate the landslide history of the basin for at least 100 years [27]. The landslide sed-

iment yield of the soil affected by the earthquake under the rainfall has been studied and 

quantified [28]. One model to express the contribution of shallow landslide to sediment 

yield as rainfall characteristic function have been established [29]. Another model called 

SHEETRAN is established to analyze the impact of rainfall on landslide and sediment 

transport. It is applied to the Luefregat River Basin [30-32]. The effects of rainfall on sedi-

ment yield is obvious [33]. The percentage of gravel affected sediment yield greatly. The 

sediment yield ascend with the increasing of gravel percentage [34]. 

2. Materials and Methods 

2.1. Experimental system 

The artificial rainfall test site is located in the State Key Laboratory of Hydraulics and 

Mountain River Engineering of Sichuan University. The system is composed of reservoir, 

water pump, water delivery pipe, rain gauge, electromagnetic flowmeter, nozzle and 

valve (Figure 1). It is controlled by computer software and can be self-adjusted automati-

cally. When the automatic adjustment mode turned on, the water pressure and valve 

opening can be adjusted automatically to hold or change the rainfall intensity. Water con-

tent sensor, tensiometer, earth press cell, pore water pressure sensor and were used in the 

test (Figure 2(c)). The flume for test is made of impermeable transparent polymer plastic 

material, with a length of 2m, a width of 0.3m and a height of 0.8m. The flume is placed 

horizontally. The three slope angles set in this research are 5°, 15° and 30°. The flume, soil 

and instrument are shown in Figure 2. 

 

Figure 1. Sketch of experimental setup. 
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Figure 2. Tested samples and experimental apparatus: (a) Side view of the slope; (b) Soil samples; 

(c) Measuring apparatus. 

2.2. Experimental program 

The experiment was set up with four variables: rainfall intensity, rain pattern, soil 

type, and slope gradient (Table 1). A variable changed when other variables were con-

trolled to be the same in order to study the relationship between that variable and land-

slide susceptibility. Four values of 40mm/h, 80mm/h, 120mm/h and 160mm/h were taken 

for the rainfall intensity variable when the rainfall pattern is uniform (Test no1-4). The 

rainfall pattern variable is set to I, II, III and IV (Test no 5-7 and 3), and their rainfall in-

tensity change process is shown in Figure 3. 

 

(a)     (b)         (c)        (d) 

Figure 3. Rainfall Patterns: (a)Pattern I; (b) Pattern II; (c) Pattern III; (d) Pattern IV. 

Table 1. Test Variables. 

Test No. 

Rainfall  

intensity 

(mm/h) 

Rainfall  

pattern 
Soil type 

Slope 

gradient (°) 

1 40 IV Mixed soil 15 

2 80 IV Mixed soil 15 

3 120 IV Mixed soil 15 

4 160 IV Mixed soil 15 

5 120 I Mixed soil 15 

(a) 

(b) 

(c) 
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6 120 II Mixed soil 15 

7 120 III Mixed soil 15 

8 120 IV Silty soil 15 

9 120 IV Sandy soil 15 

10 120 IV Gravel soil 15 

11 120 IV Mixed soil 5 

12 120 IV Mixed soil 30 

 

Figure 4. Grain-size distribution curves. 

Four soil types were used for the test based on the common soil composition in nature 

(Test no 8-10 and 3). Three soil types are mainly composed of silt, sand and gravel, respec-

tively, and the mixed type is a 1:1:1 mixture of the former three. The soil composition is 

listed in Table 2 and the grain size distribution curves of soil types are shown in Figure 4. 

Table 2. Soil Composition. 

Soil type 
Clay  

(%) 

Silt  

(%) 

Sand 

(%) 

Gravel 

(%) 

D50   

(mm) 

Initial volume 

moisture content 

(%) 

Initial 

dry density 

(g/cm3) 

Silty soil 10.2 68.6 21.2 0 0.021 9.1 1.88 

Sandy soil 7.1 18.5 74.4 0 0.71 8.2 1.74 

Gravel soil 8.8 16.9 18.6 55.7 2.54 6.5 1.50 

Mixed soil 10.2 24.9 36.7 28.2 1.68 7.7 1.61 

2.3. Test procedures 

Before a test begins, the soil was filled into the flume with each layer of 10cm. The 

soil was paved to the same thickness in each layer, and then knock it evenly with wood 

blocks. Measuring instruments were embedded in the positions shown in Figure 1. After 

the preparation were done, the test started with the rainfall. Each rainfall last 1 hour. At 

the end of a test, the amount of sediment yield by the landslide was measured. 

3. Results 

3.1. Slope instability processes under different rainfall intensity 

When a slope encounters rainfall with different intensity, its water content, matrix 

suction, pore water pressure and total stress all exhibit different change processes. Water 

content is a basic parameter to describe the soil properties. The volumetric water content 

of the tests with higher rainfall intensity will rise earlier and the matrix suction will decline 
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earlier too. When the rainfall intensity is 160 mm/h, the volumetric water content reaches 

its maximum at about 40 min. When the rainfall intensity is 120 mm/h, the volumetric 

water content reaches its maximum at about 55 min. The water penetrate gradually down-

ward from the surface of the soil, so the volumetric water content in deep will increase 

later than the position near the surface. 

Matrix suction is an important parameter of the mechanical properties of unsaturated 

soils. The pores of unsaturated soil are filled with water and air. The water-air interface 

has surface tension. In unsaturated soil by capillary action, the pore water pressure under 

the bent liquid surface is less than the pore air pressure. The shrinkage membrane is sub-

jected to air pressure greater than the water pressure, and this pressure difference is called 

matrix suction. The process of matrix suction at different depths under different rainfall 

intensities is shown in Figure 5(b). It can be seen from the figure that the change curve of 

matrix suction is in three stages, namely, initial stage, steep fall stage and stable stage. 

Take the matrix suction change process at position I when the rainfall intensity is 

160mm/h as an example. Within 22 min of the beginning of rainfall, the change of soil 

matrix suction is not obvious. 22-42 min, the matrix suction of the slope soil decreases 

abruptly. As the infiltration of rainfall continues to increase, the soil matrix suction de-

creases to the minimum and becomes stable. 

Pore water pressure is the pressure of groundwater in soil or rock, which acts be-

tween particles or pores and is an important indicator of stress changes in the soil. The 

variation of pore water pressure at different locations of the slope under different rainfall 

intensities is shown in Figure 5(c). The pore water pressure variation curves during the 

test were in three stages: initial stage, surging stage and slow increasing stage. Specifically, 

the greater the intensity of rainfall, the shorter the duration of the initial stage. For exam-

ple, the initial stage of pore water pressure at the Position I lasts about 8 min when the 

rainfall intensity is 160 mm/h, and about 24 min when the rainfall intensity is 40 mm/h. 

The total stress is the total force per unit area acting within a mass of soil. It increase 

with the depth of the measurement point. Different rainfall intensities lead to different 

variation process of total stress. When the rainfall intensity is small, the total stress starts 

to increase a short time after rainfall begins and the increase process is relatively smooth. 

When the rainfall intensity is higher, the total stress starts to increase at the beginning of 

the rainfall. 

 

(a)         (b) 
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(c)          (d) 

Figure 5. Variation in measured data when rainfall intensity is different: (a) Water content; (b) 

Matrix suction; (c) Pore water pressure; (d) Total stress. 

The intensity of rainfall is closely related to the occurrence of landslide. When the 

intensity of rainfall is 40mm/h and 80mm/h, no landslide occurs. For the case of rainfall 

intensity of 120mm/h, the time of initial landslide occurrence is about 47min. For the case 

of rainfall intensity of 160mm/h, the time of initial landslide occurrence is about 40min. 

3.2. Slope instability processes under different rainfall pattern 

The change of water content, matrix suction, pore water pressure and total stress un-

der different rainfall pattern is shown in Figure 6. The volumetric water content measured 

at the measurement points did not change for a period of time after the onset of rainfall. 

The volumetric water content of the rainfall pattern I started to increase at the earliest. 

Later, the volumetric water content of the rainfall pattern IV and III started to increase. 

The volumetric water content of the rainfall pattern II started to increase last. The rate of 

increase of volumetric water content in the rain pattern I test decreased gradually. The 

rate of increase for the rainfall pattern IV test remained constant. The rate of increase for 

rain pattern II and rain pattern III gradually increased. 

The matrix suction of the test with rainfall pattern I and rainfall pattern IV began to 

diminish earlier than that of pattern II and pattern III. The matrix suction curve of the test 

with rainfall pattern I and rainfall pattern IV begin to enter the attenuation stage at about 

20min, while those of pattern II and pattern III begin to enter the attenuation stage at about 

35min. The rainfall of pattern I and IV is relatively large in the initial stage. The attenuation 

processes are similar. In the stable stage, the matrix suction of test with pattern I and IV is 

the smallest, and those of pattern II and III is relatively large. 

In the changing process of pore water pressure, the slow-changing stages of rain pat-

tern I and IV tests lasted the shortest time. The rate of the curve is very large at the begin-

ning. After the surge stage, it tends to be smooth. The slow change phase of rain pattern 

II and III lasted longer, and the pore water pressure increased slowly but throughout the 

test process. As the rainfall continues, the rainfall intensity of rain pattern II and III grad-

ually increases, and the pore water pressure changes into the surge stage. The pore water 

pressure of rain pattern I, III and IV increased slightly in the stable stage. 

Different rain patterns will cause different response processes of total stress. The soil 

response under rainfall pattern I is rapid. The total stress began to rise at 5min. The growth 

rate slows down at about 20min. The total stress of tests with rainfall pattern II and rain 

pattern III began to increase when it was close to 20min. Compared with rain pattern I, it 

lags behind. The total stress of tests with rainfall pattern II and rain pattern IV suddenly 

decreases in the later stage of rainfall because of the landslide. 
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(a)         (b) 

 

(c)         (d) 

Figure 6. Variation in measured data when rainfall patterns are different: (a) Water content; (b) 

Matrix suction; (c) Pore water pressure; (d) Total stress. 

The occurrence of landslides varies under different rain patterns: no landslides occur 

in Rain Pattern I, while landslides occur in Rain Patterns II, III and IV. The first landslide 

of the test with rain pattern II occurred in about 42 min. The first landslide of the test with 

rainfall pattern III occurred in about 45 min. The first landslide of the test with rainfall 

pattern IV occurred in about 47 min. 

3.3. Slope instability processes with different soil type 

Figure 7 shows the variation of water content, matrix suction, pore water pressure 

and total stress of slopes with different soil composition. For the same rainfall intensity, 

there was no significant difference in the time of volumetric water content starting to rise 

for different soils. All of them started to increase at about 25 min. However, there were 

large differences in the final volumetric water content of the different soil types. The upper 

limit of volumetric water content was the highest for silty soils, at about 36%. The upper 

limit of volumetric water content for mixed soils is about 30%. Sandy soils have an upper 

volumetric water content of about 27%. Gravel soils have the lowest upper limit of volu-

metric water content, which is about 18%. The volumetric water content of silty and mixed 

soils rises very quickly and reaches its maximum water content at about 35 min. The vol-
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umetric water content of sandy soils rises over a longer period of time and the rate grad-

ually decreases. The volumetric water content of gravel soils plateaued after a small in-

crease. 

The initial matrix suction of different soils has great differences. The initial matrix 

suction of fine-grained soil is higher than that of coarse-grained soil. The initial matrix 

suction of silty soil is about 78 kPa, that of sandy soil is about 52 kPa, while that of gravel 

soil is only about 14 kPa, and that of mixed soil is about 48 kPa. The changing processes 

of matrix suction are also different. The matrix suction of silty soil at location I enters the 

diminish stage from about 28min, decreases sharply in the time period of 30~40min, and 

finally stabilizes at about 20kPa. The matrix suction of sandy soil and mixed soil decrease 

at about 25 min, and the matrix suction of sandy soil become stable stage at 35 min with 

the value of 18 kPa. The matrix suction of mixed soil continued to decline and finally de-

creased to about 8 kPa. The matrix suction of gravel soil is very small and does not change 

significantly in the first 30min of rainfall. It enters into the fluctuating stage from 30min. 

Soil type has a strong influence on the changing process of pore water pressure. The 

increasing process of pore water pressure is longer for mixed soil. The peak occurs be-

tween 30 and 40 min and peaks at about 4 kPa. The pore water pressure changes in silty, 

sandy and gravel soils can be divided into two stages: a rapid increase stage and a stable 

stage. The increasing stage is about the first 20 min of the test. When the increasing stage 

is over, the pore water pressure of the silty soil is greater than that of the sandy soil and 

that of sandy soil is greater than that of gravel soil. 

Different soil types have different total stress values. At Position I, the total stress is 

highest in the silty soil. It increases slowly during the time period of 10 to 40 min and 

remains constant at about 10 kPa during the time period of 40 to 60 min. The total stress 

of the sandy soil varied little in the first 20 min, increased fluctuating in the time period 

of 20-50 min, and decreased abruptly at about 50 min because of the landslide. The total 

stress of gravel soil is the smallest and increases only slightly during the rainfall, and then 

stabilizes around 4kPa. The total stress variation pattern of the mixed soil is similar to that 

of the sandy soil. 

 

(a)         (b) 
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(c)          (d) 

Figure 7. Variation in measured data when soil types are different: (a) Water content; (b) Matrix 

suction; (c) Pore water pressure; (d) Total stress. 

Soil type is a key factor in determining the stability of slopes. Under the fixed rainfall 

process and slope conditions set in tests, no landslide occurred when the soil type was 

silty and sandy. Landslides were generated when the soil type was gravelly and mixed. 

The initial landslide occurrence time was about 39 min for gravel soil and about 47 min 

for mixed soil. 

3.4. Slope instability processes on different angle slope 

Figure 8 shows the variation process of matrix suction when the slope gradients are 

different. Different slope gradients have little influence on the variation of volume water 

content, and the variation of each test is generally similar. The rise speed rate of 30° slope 

is less than 5° slope and 15° slope. 

The changing process of matrix suction of different gradient slopes is generally sim-

ilar. For example, in test with 30° slope at position I. In the first 25 min of rainfall, the 

change of matrix suction is not obvious. In 26~46 min, the matrix suction at this location 

decreases abruptly. As the infiltration of rainfall continues to increase, the soil matrix suc-

tion drops to the minimum and stabilizes. Since the precipitation on the steep slope is 

more converted into surface runoff during the rainfall infiltration process, the infiltration 

volume is smaller than that of the gentle slope in the same time. The matrix suction starts 

to decrease earlier for the tests on the gentle slope than those on the steep slope. 

The increasing and stable stages of pore water pressure on slopes with different gra-

dients have large differences. Taking location I as an example, when the slope is gentle 

(5°), the rising curve of pore water pressure resembles a convex function. That is, the func-

tion slope is larger at the beginning and the period of 5~12min is the concentrated rising 

section of pore water pressure. When the slope is 15°, the growth of pore water pressure 

is approximately linear. When the slope is 30°, the curve of pore water pressure increase 

is similar to the concave function, which decreases slightly in the time period of 0~15min 

and increases rapidly in the time period of 20~25min. In stable stage, the pore water pres-

sure on the 15° slope is the largest, around 3.2kPa. The pore water pressure on the 30° 

slope is about 2.5kPa, and the pore water pressure on the 5° slope is stable at about 2.8kPa. 

The slope has a significant effect on the changing process of the total stress. For the 

case of 5° slope, the total stress at position I, position II increased linearly throughout the 

test. For the case of 15° slope, the total stress at position II changes very little in the first 25 

min, increases significantly in the time period from 25 to 45 min, and suddenly decreases 

at about 47 min due to a landslide. For the case of 30° slope, the total stress changes little 
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in the first 40 min at position II, increases continuously from 40 min, and decreases sud-

denly at around 50 min due to landslide. 

 

(a)         (b) 

 

(c)         (d) 

Figure 8. Variation in measured data when slope gradients are different: (a) Water content; (b) 

Matrix suction; (c) Pore water pressure; (d) Total stress. 

The gradient of the slope is a decisive factor for the occurrence of landslide. No land-

slide occurs on 5° slope. Landslide occurs on both 15° slope and 30° slope. The initial land-

slide occurs in about 47min on 15° slope and in about 33min on 30° slope. 

4. Discussion 

Landslides are generated when the stability of the slope soils is reduced by the action 

of rainfall. The landslide makes part of the soil mass out of its original position and in-

creases sediment yield in the watershed. The sediment yield of landslide for tests with 

different rainfall intensity, rainfall pattern, slope gradient and soil particle composition is 

shown in Table 3. All the soil sliding down comes from within 10cm of the surface layer 

of the original mass, so the percentage of the mass of the soil sliding down by landslide to 

the mass of the upper 10cm layer of the original slope mass is used to measure the severity 

of the landslide. 

Table 3. Sediment yield from landslides. 
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Test 

No. 
Slope(°) 

Rainfall in-

tensity 

(mm/h) 

Rainfall 

pattern 
Soil sample 

Time of initial land-

slide (min) 

Sediment 

yield (%) 

3 15 120 IV Mixed soil 47 11.20 

4 15 160 IV Mixed soil 40 18.20 

6 15 120 II Mixed soil 42 14.6 

7 15 120 III Mixed soil 45 12.4 

10 15 120 IV Gravel soil 39 9.80 

12 30 120 IV Mixed soil 33 24.20 

The process of soil mass from the initial state to landslides is analyzed according to 

the changing process of soil water content, matrix suction, pore water pressure and total 

stress. After the rain acts on the slope soil, the soil water content starts to increase and the 

matrix suction starts to diminish. The decrease of matrix suction leads to the decrease of 

soil shear strength, and landslide occurs after the diminish of matrix suction. At the mo-

ment before the occurrence of landslide, there is often a brief and sharp rise in pore water 

pressure. The soil were displaced by landslides, which will lead to a significant reduction 

of the locally total stress. 

The occurrence of landslides and its sediment yield are related to many factors. To 

investigate the effect of one factor, and the following comparisons keep the other factors 

same. Under the rainfall intensity of 120mm/h (Test 3), the first landslide occurred at 

39min. Under the rainfall intensity of 160mm/h (Test 4), the first landslide occurred at 

47min. It means that the higher the intensity of rainfall, the earlier the initial landslide 

occurs. The sand yield of Test 4 is also larger than that of Test 3. When the rainfall intensity 

is 80mm/h, there was no landslide. It indicates that the occurrence of landslide under the 

test conditions requires the rainfall intensity to exceed 80mm/h. The rain pattern also af-

fects the occurrence of landslides and the first landslide occurring time. In the test with 

rainfall pattern II (Test 6), the first landslide is at 42 min. In the test with rainfall pattern 

III (Test 7), the first landslide is at 45 min. In the test with rainfall pattern IV (Test 3), the 

first landslide is at 47 min. In the test with rainfall pattern I, no landslide occurs. For the 

different soil type, the initial landslide occurrence time of gravel soil is 39 min, and the 

sediment yield is 9.8%. The initial landslide occurrence time of mixed soil is 47 min, and 

the sediment yield is 11.2%. No landslide occurred in silty soil and sandy soil. Soils com-

posed of coarse grains are prone to landslide. Landslides occurred on both 15° slope (Test 

3) and 30° slope (Test 12). However, the landslide on the 30° slope occurred earlier, 33 

min, than all tests on the 15° slope. The sediment yield was 24.2%, which was also higher 

than those with 15° slopes. 

5. Conclusions 

Landslides is a common type of gravity erosion, which is one of the main reasons for 

the increase of sediment yield in the watershed. Rainfall is a main factor to induce land-

slides. In this paper, an artificial rainfall test method is used. Four variables including 

rainfall intensity, rain type, soil type and slope gradient are set to study. The changing 

processes of volumetric water content, matrix suction, pore water pressure and total stress 

during the rainfall are analyzed. The results are as follows: 

The changing process of matrix suction consists of initial stage, steep decline stage 

and stable stage. With the greater intensity of rainfall, the matrix suction will diminish 

earlier. The pore water pressure continues to rise through the rainfall, and it will start to 

rise earlier when the rainfall intensity is greater. In the tests with different rainfall patterns, 

matrix suction began to diminish later when the rainfall intensity peaks in the late stage 

(pattern II) and the middle stage (pattern III) because the rainfall intensity is less in the 

initial stage of rainfall. The rate of the increasing curve of the pore water pressure was also 

slower. When the slope was steeper, the runoff from the surface is stronger, and therefore 

the infiltrated water will be less. The time at which the soil water content starts to rise and 

the matrix suction starts to diminish is later than in the cases of gentler slopes. Soil matrix 
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suction of different particle composition varies greatly. The process of matrix suction 

change for soil types containing fine particles (silty, sandy and mixed soil) has three dis-

tinct phases: initial, diminishing and stable stage. In contrast, the matrix suction of gravel 

soils varied less during the rainfall. 

The occurrence of landslide is related to the intensity of rainfall intensity and pattern, 

slope gradient and soil composition. Landslides will be triggered by rainfall of a certain 

intensity, and according to the results obtained from tests, the rainfall intensity must ex-

ceed 40 mm/h. The higher the rainfall intensity, the earlier the landslide will occur. Rain-

fall pattern also has influence on landslide generation. For rainfall pattern with gradually 

decreasing rainfall intensity, if the pore water pressure of the soil has reached the maxi-

mum value at the initial stage but no landslide occurs, then no landslide will occur after-

wards. If the pore water pressure does not reach the maximum at the initial stage, land-

slides may occur when the pore water pressure reaches the maximum. 

When landslides occur, there is a corresponding significant change in the physical 

parameters of the slope. The prerequisite for landslide occurrence is that the forces main-

taining the interparticle connection of the soil are disrupted, so the landslide occurs after 

the matrix suction enters the diminish stage. Different soil compositions have sequential 

landslide occurrence times, with the silty and sandy types occurring earlier than the grav-

elly and mixed types. The pore water pressure rises briefly before the landslide occurs and 

falls back after the landslide occurs. Because landslides cause rapid local soil movement, 

total stress produces rapid changes during landslides and in most cases are obvious de-

crease. 

Sediment yield from landslides is influenced by various factors. When the intensity 

of rainfall increases, the sediment yield of landslides increases. The sediment yield of land-

slides with coarser particle composition is greater than that of finer soils. The influence of 

slope degree on the sediment yield of landslides is most obvious, and the sediment yield 

of 30° slope is significantly higher than that of 15° slope. 
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