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Abstract: - The occurrence of landslides in accumulation bodies is significantly influenced by rainfall, which has been prevalent in 

southwestern China in recent times. Consequently, investigating the alterations in the internal volumetric water content, pore water pressure, 

and the migration patterns of fine particles within these bodies under varying rainfall scenarios holds considerable importance. Utilizing a 

physical model test, researchers delve into the failure mechanisms of the accumulation body under three distinct rainfall conditions, 

employing a multi-functional integrated sensor embedded within the model to facilitate this analysis. The test results are as follows: Under 

the rainfall conditions of 30, 50 and 70mm/h, the failure modes of accumulation slope are simple cracking, pull failure after traction and 

collapse failure respectively. With the gradual increase of rainfall, the response rate of sensors buried in the same location also increases, 

but the increase of pore water pressure is equivalent to the lag of volume water content. Through quantitative analysis, it is proved that fine 

particle migration is the direct factor of landslide of loose deposits induced by rainfall. Finally, the mechanism of slope instability and 

failure induced by different degrees of rainfall is proved, and the relevant results can provide scientific theoretical basis for the early warning 

of similar slope in southwest China.   

Keywords: Rainfall condition; Accumulation; Model test; Multi-functional integrated sensor; Volume moisture content; Pore 

water pressure; Fine migration 

1 INTRODUCTION 

Landslides are one of the most common catastrophic geological disasters both domestically and internationally 

[1]. Relevant statistical data shows that from 2013 to 2023, there were a total of 71,583 landslides in China, 

accounting for 69.73% of the total number of geological disasters in the country [2]. Surveys indicate that 

geological disasters in the southwestern regions of Sichuan, Chongqing, and Guizhou are the most frequent, with 

accumulation body landslides being the most prominent [3]. Accumulation bodies are widely distributed in 

mountainous areas as a type of poor geological body. They are the product of slope deformation and destruction, 

and are a set of Quaternary geological bodies with diverse origins, complex components, disordered structures, 

and mixed soil and stone accumulation [4]. Due to the strong permeability of accumulation bodies, they have poor 

inherent stability and are extremely susceptible to the impact of rainfall and other hydrological factors, leading to 

instability and destruction. Data shows that in the Wanzhou District of the Three Gorges Reservoir area, 

accumulation body landslides accounted for 63% of the total number of landslides in 2023 [5]. Among them, the 

loss of life and property caused by rainfall-induced accumulation body landslides is the most severe. Therefore, 

studying the mechanism of destruction of loose accumulation bodies under various rainfall conditions is 

particularly important. 
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At present, the academic community has conducted extensive research on the phenomenon of accumulation body 

landslides triggered by rainfall, covering various aspects such as field measurement [6-8], numerical simulation 

[9-11], and model testing [12-14]. 

In terms of field measurement, Lin Song et al. [15] conducted in-depth understanding of the key factors affecting 

landslide disasters through comprehensive geological and grid high-density electrical method measurement 

techniques, providing a scientific basis for the prevention and management of landslide disasters; Zhang Yi et al. 

[16] conducted on-site double-ring permeability tests on each layer of the accumulation layer landslide in the 

Duanheba area, and combined with high-density electrical method field detection technology to assess the volume 

water content of each layer, and found that rainfall-induced accumulation body landslides are due to the existence 

of permeability coefficient differences within the landslide, thus forming an infiltration channel. 

Regarding numerical simulations, Xu Ping and colleagues [17] employed the instability of the accumulation body 

slope proximate to Majiagou in the Three Gorges Reservoir region as a case study. They constructed a 

corresponding numerical analysis model to assess the impact of the reservoir's water level fluctuations within a 

single hydrological cycle on the slope's safety factor, utilizing the strength reduction method. Meanwhile, MENM 

and their team [18] investigated the underlying mechanism of the accumulation body slope's response to rainfall 

infiltration, drawing from a comprehensive review of actual engineering data. They derived infiltration rate 

formulas for the slope both before and after water accumulation, and subsequently employed numerical software 

to quantify the slope's stability. This analysis illuminated the patterns of stability variation exhibited by soil slopes 

under rainfall infiltration conditions. 

In terms of model testing, Chen Yulong et al. [19] took the accumulation body landslide as the research object, 

and through large-scale model tests under rainfall conditions, explored the seepage, deformation, and destruction 

rules of the accumulation body slope, and studied the feasibility of acoustic emission as an early warning criterion. 

Liu Cheng et al. [20] explored the movement and accumulation characteristics of landslide-debris flow under 

different slope degrees and widths through indoor small-scale model tests, and finally found that an increase in 

slope degree would lead to an increase in the travel distance and coverage area of fine-grained accumulation bodies, 

thereby making the degree of landslide destruction more severe. 

In summary, rainfall-induced accumulation body landslides are a complex process affected by various factors. In 

order to deeply understand this phenomenon, predecessors have carried out a lot of work from different angles. 

These studies not only involve the structural composition of the accumulation body but also include mechanical 

property tests, revealing the impact of different intensities of rainfall on the mechanical properties of the 

accumulation body. Based on these research results, this experiment will construct physical models of 

accumulation bodies under different rainfall intensities and carry out various working conditions of finite element 

analysis to provide feasibility basis for the model. Finally, by embedding sensors to monitor the internal 

mechanical changes of the accumulation body, explore the law of the change of the destruction mode of the 

accumulation body with the change of rainfall intensity. This experiment will deepen our understanding of the 

development characteristics of accumulation body landslides under different rainfall intensities, and provide a 

solid scientific basis for early warning analysis of landslides in extreme rainfall conditions. Through precise data 

analysis and theoretical models, we can more accurately predict the risk of landslides, formulate effective 

prevention measures, to protect the safety of people's lives and property. 
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2 MODEL TEST OF ACCUMULATIVE RAINFALL LANDSLIDE 

The physical model can describe qualitatively or quantitatively the change of slope body under the action of 

external force from a macroscopic point of view, and can reveal the change of physical quantity of rock and soil 

body during the failure process. In this paper, based on a landslide in Wanzhou District of Chongqing City, a 

physical model test of landslide rainfall is conducted to simulate the whole process of instability failure of a 

landslide slope with the same rock content after three different degrees of heavy rainfall. In this process, the 

corresponding law of the variation of various physical quantities of the accumulation slope and the vertical 

migration law of soil particles under different rainfall intensity are analyzed. 

2.1 Test scheme 

2.1.1Model parameter setting 

According to relevant studies, landslide disaster is closely related to the rainfall intensity of the day: If the rainfall 

intensity of the day reaches the rainstorm level, that is, the rainfall reaches 50~90mm, the probability of landslide 

of the accumulation body is close to 92%[21]. Therefore, this paper establishes three distinct rainfall intensity 

levels, specifically 30mm/h, 50mm/h, and 70mm/h, with the goal of comprehensively simulating cumulative 

landslides induced by varying rainfall intensities. In the majority of physical model experiments, the similarity 

ratios among the physical quantities within the model are primarily influenced by the geometric shape of the slope 

[22]. Upon the determination of the slope's geometric characteristics, the corresponding similarity ratios for other 

physical quantities can be derived [23]. Based on the height of the prototype slope and the unique soil properties 

of the sampling area, an appropriate similarity scale can be established for the model to mimic the conditions of 

the prototype slope under specific scenarios. Therefore, the geometric scale factor  can be preliminarily set as 

100 based on the model tank's size. Dynamic similarity relations between the model and prototype are derived 

through applying gravity similarity laws and dimensional analysis methods in landslide model testing [24-25]. 

Detailed similarity relationships are shown in Table 1. 

Table 1 Ratios of model scale  

Physical parameter 
Similar 

relationship 

Similar 

ratio 

Geometric dimension（ l ） lC  100 

Soil density（  ） C 
 1 

Cohesive force（C） *C lC C C=  100 

Angle of internal friction

（ ） 
C

 1 

Therefore, the overall height of the model is controlled at 50cm, the width is controlled at 60cm, and the length is 

controlled at 90cm. Chen[26] studied the accumulation body in the Three Gorges area and found that landslide 

was most likely to occur when the slope foot of the accumulation body developed to 20°~40°. However, 

considering that the safety factor of real landslide was generally smaller than that of the model, the model slope 
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foot was set at 50°. Moreover, it is acknowledged that the overall stability improves with an increase in the deposit 

body's dry density. Thus, in this model test, the dry density of the test soil sample is specified at 1.5g/cm3, the 

water content is maintained at 7%, and the stone content within the deposit body is set to 30%. Detailed soil sample 

parameters are shown in Table 2. 

Table 2 Model test plan 

Working 

condition 

Rainfall 

intensity/mm·

h-1 

Stone content of 

deposit body/% 

Slope 

Angle/° 

Dry 

density/g·cm-3 

Moistur

e 

content/

% 

G1 30 

30 50 1.5 7 G2 50 

G3 70 

The model test soil sample was selected from the landslide area less than 3cm gravel soil. After measurement and 

calculation, the mass percentage of particles larger than 2mm in the soil sample used for test is 72.2%, the effective 

particle size is d10=0.5mm, the continuous particle size is d30=2.3mm, the control particle size is d60=4.2mm, 10 < 

Cu=12, 1 < Cc=2.37 < 5, and the soil particle distribution is shown in Fig.1. 

 

Fig.1 Particle gradation curves of accumulation 

2.1.2 Check the test parameters 

Based on the setting of various parameters of the physical model and the soil physical parameters obtained in the 

indoor experiment, as shown in Table 3, the stability of the accumulation body Slope with a slope foot of 50° was 

checked by the Slope/w plug-in of the numerical simulation software Geostudio based on the limit equilibrium 

method, so as to ensure the stability of the accumulation body model under natural conditions. Then the Mohr-

Coulomb criterion, which is the most widely used at present, was further adopted [27], namely: 

 =c’+ ( − ua)tan ’+ (ua− uw)tan b                                         （1） 
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Where: is the shear strength of unsaturated soil; is the total normal stress; ua and uw are pore gas pressure and 

pore water pressure, respectively. The stability of accumulative body under three different conditions of rainfall 

intensity is analyzed, and the setting of rainfall intensity conditions in the model test meets the conditions of 

precipitation induced landslide of accumulative body. The specific simulation results are shown in Fig.2. 

Table 3 The values of soil mechanical parameters are adopted 

 

（a）Natural condition        （b）G1 condition          （c）G2 condition         （d）G3 

condition 

Fig.2 Numerical simulation results of accumulation model under different working conditions 

 

2.1.3 Accumulation body model preparation 

The preparation process of the model consists of the following six steps: sieve mixing, outline, layered 

construction, buried instrument, adjustment of slope shape, and static observation. The steps are described as 

follows: 

(1) screening and mixing: use a 1cm filter screen to separate the soil and gravel, and put them in two areas for 

reserve. Then the fixed volume of soil and gravel is mixed according to the set dry density, moisture content and 

gravel content of the soil sample. 

(2) Outline the outline: mark the slope Angle with tape on the glass on both sides of the landslide model groove, 

which is convenient for later model specification production. 

(3) Layered construction: Pour the mixed soil into the model tank evenly in batches, and compacted the soil after 

each pouring to enhance the stability of the soil in the natural state. And in order to prevent the boundary 

phenomenon of each layer, it is necessary to plane the surface of each layer to form a complete accumulation body. 

Stratum 
Natural 

weight/kN·m-3 

Friction Angle 

in rock and 

soilφ/° 

Cohesion of rock 

and soil massC/kPa 

Bearing capacity 

characteristic 

value/kPa 

Boulder 

soil 
22.0 32 53 1000 
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(4) Buried instrument: In order to prevent the buried sensor from affecting the model, the sensor should be buried 

in the layered construction process, and the buried position of the same type of sensor should be 10cm apart.  

(5) Slope shape adjustment: After the entire slope is built, the slope should be flattened by reference to the contour 

line to facilitate subsequent observation of the model. 

(6) Static observation: After the slope is built, it needs to be static for 1 hour, and the overall stability can be judged 

according to the message returned by the data acquisition instrument. The rainfall test can be started after the data 

is stable. 

Three cameras were arranged at the site to observe and record the damage and deformation of the slope in the 

process of rainfall in real time. The three cameras were located directly in front of the slope, directly above the 

slope and on the right side of the slope. The test starts with the rainfall device being started and ends with the slope 

not having sustained failure. 

2.2 Test apparatus 

This physical test was carried out in the landslide physical model tank, and the physical model test device mainly 

consisted of three parts: artificial simulated rainfall system, debris flow landslide simulation tank, and multi-

functional integrated sensing system. The specific model device size is shown in Fig.3. It is worth mentioning that 

the multifunctional integrated sensor used in the test needs to be calibrated to the receiving software before the 

test, through the formula: 

1 0

gh
K

V V


=

−
                                      （2） 

Where,K is the calibration coefficient,𝜌 Is the density of water,g is the acceleration of gravity,h is the depth of 

sensor embedment,V1 is the buried voltage,V0 is the initial voltage. 

A combined artificial rainfall device was used in the experiment, and the main body was composed of shower 

plate and electromagnetic pump. In order to ensure uniform rainfall in the test area, the spacing of rain nozzles is 

designed to be 5cm, and the number of nozzles is 50. The electromagnetic pump and pressure valve facilitate the 

adjustment and calibration of rainfall, enabling it to attain the predetermined rainfall intensity for three distinct 

operational scenarios. Subsequent to the installation of the mounting apparatus, a rain gauge is strategically 

positioned at the corner of the water tank during precipitation, allowing for real-time monitoring of rainfall 

intensity to ensure adherence to the specified operational conditions. 
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Fig.3 Physical model device size drawing (unit: cm） 

3 ANALYSIS OF TEST RESULTS 

3.1 Failure process analysis of accumulation body model 

Three rainfall intensities were set in this model test: 30mm/h, 50mm/h and 70mm/h. As the rainfall continues, the 

accumulation body model changes as follows. 

(1) In the test of rainfall intensity of 30mm/h (Fig.4a), because the rainfall intensity did not reach the rainstorm 

level, a slight transverse crack appeared at the foot of the accumulation body until the rainfall lasted for 29min, 

and there was no significant change at the top of the slope. As rainfall persisted for 58 minutes, cracks at the slope's 

base developed and widened, triggering slight liquefaction in the slope's center. After 98 minutes of rainfall, 

longitudinal cracks emerged on the slope's side, transverse cracks widened at the base, and significant 

displacement occurred, though no sliding was observed. 

(2) In the test of rainfall intensity of 50mm/h (Fig.4b), local sliding occurred at the bottom of the accumulation 

body when the rainfall lasted 22min. Moreover, cracks in other non-slip regions of the accumulation body 

remained unchanged in number and width. By 47 minutes, the erosion zone extended upwards to the slope's 

midpoint, with no sign of overall sliding in the local slope area throughout the process. Finally, when the rainfall 

reached 89min, the left side of the accumulation body began to liquefy in a large area, the right side cracks 

appeared, and the slope foot of the accumulation body collapsed. 

(3) In the test of rainfall intensity of 70mm/h (Fig.4c), when the rainfall lasted for 16min, gullies appeared 

at the slope foot of the accumulation body. As the rainfall persisted for 37 minutes, the gully underwent intensified 

erosion and expansion due to rainwater's impact, while cracks emerged in the central region of the slope's base. 

These gullies and cracks facilitated further erosion of the slope's crest by rainwater. After 81 minutes of the test, 

minor collapse was observed on the crest of the accumulation body. Post-rainfall, numerous cracks and collapses 

were evident across the entire slope. Continuous rainfall would expedite rainwater infiltration and accelerate slope 
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deformation. 

 

T=29min               T=58min               T=98min 

（a）30mm/h 

 

T=22min              T=47min               T=89min 

（b）50mm/h 

 

T=16min              T=37min               T=81min 

（c）70mm/h 

Fig.4 Deformation and failure process of landslide model under three rainfall intensities 

 

3.2 Change of volumetric water content and pore water pressure 

The multi-functional integrated monitoring apparatus is capable of real-time surveillance of water content and 

pore water pressure variations within the accumulation body. For this purpose, three PR25-CH1 pore water 

pressure sensors and three MTD05 moisture sensors were employed to continuously track changes in volumetric 

water content within the slope. The sensors operate at a frequency of 1000HZ, and data is recorded every minute, 

considered valid for analysis. 
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（a）Side view                                      （b）Top view 

Fig.5 Layout of sensors (unit: cm) 

3.2.1 Volumetric water content change 

(1) Fig.6a illustrates the data recorded by the volumetric moisture content sensors during a rainfall intensity of 

30mm/h. The maximum volumetric water content measured by sensors CH0, CH1, and CH6 is 26.2%, 29.9%, and 

34.8% respectively, exhibiting a trend that aligns with the variation pattern observed in pore water pressure. 

Although pore water pressure and volume water content change in the same trend during rainfall, at any time, the 

former lags behind the latter. This indicates that pore water pressure increases sharply only after soil saturation.  

(2) The data displayed by the volumetric moisture content sensor at a rainfall intensity of 50mm/h are shown in 

Fig.6b. As can be seen from the figure, the change of overall water content can be divided into initial stable stage, 

rapid increase stage and stable stage. Considering that the three sensors are buried in different depths inside the 

accumulation body, taking the CH1 sensor as an example, the value of CH1 began to rise at 22 minutes with the 

progress of rainfall. Then the soil began to saturated, and the volume water content reached a stable state of 27%, 

and the whole began to stabilize.  

(3) The data displayed by the volumetric moisture content sensor at a rainfall intensity of 70mm/h are shown in 

Fig.6c. The change of the volume water content from the top to the bottom of the slope in the vertical direction 

also reflects the mutual flow process between the slopes. Based on the separation distance (10cm) between the 

sensors and the increase in rainfall time, the infiltration ratio can be calculated. The permeability of the three sensor 

layers is 2.78×10−4m/s, 1.33×10
−4m/s and 1.34×10

−4m/s, respectively, which is approximately equal to the soil 

permeability measured before the test. The different time required to reach the same value also indirectly reflects 

the hydrologic process of cross-flow along the slope. However, water preferentially accumulates from the top to 

the bottom, resulting in a larger peak volume water content measured in CH6 than in other locations. 
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（a）Rainfall intensity 30mm/h       （b）Rainfall intensity 50mm/h           （c）Rainfall intensity 

70mm/h 

Fig.6 Volume moisture content curve of slope under different rainfall intensity 

3.2.2 Pore water pressure changes 

Pore pressure encompasses the pressure exerted by both pore fluids—water and gas—within soil. Comprehending 

the dynamics and distribution of pore water pressure is instrumental in assessing the stability and engineering 

security of loess, while also enhancing understanding of groundwater movement and soil mechanical 

characteristics [28]. An analysis of the three pore water pressure measurement points located on the slope yielded 

the following findings:  

(1) As depicted in Fig.7a, the pore water pressure sensor recorded data during a rainfall intensity of 30mm/h. 

When plotting the variation of pore water pressure against rainfall duration, the maximum dynamic pore water 

pressure within each loading period is taken into account. Specifically, the CH0 sensor, positioned near the slope's 

base of the accumulation body, registers a gradual increase in pore water pressure with the elongation of rainfall 

duration, culminating in a peak value of 0.5453kPa after 28 minutes of rainfall. There was no abnormal fluctuation 

after reaching the peak until the end of the test. This indicates that the surface deposit has begun to liquefy to a 

certain extent, which is corresponding to the change of water content mentioned above.  

(2) The display data of the pore water pressure sensor under the rainfall intensity of 50mm/h is shown in Fig.7b. 

At the beginning of the experiment, with the increase of rainfall, the CH1 value of the monitoring point has a 

tendency to increase rapidly, which is due to the rapid seepage speed of the measuring point. Thereafter, the 

seepage rate slowed down and the growth rate of pore water pressure began to slow down after the rainfall lasted 

for 37min. In the cracking stage of the accumulation body, the gap between the soils increases, and the CH1 sensor 

quickly reaches a peak value of 1.0458kPa.  
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(3)Fig.7c presents the pore water pressure sensor's readings during a rainfall intensity of 70mm/h. In comparison 

to the previous two rainfall intensities, the CH6 sensor's response rate notably escalated under the 70mm/h scenario, 

achieving a peak value of 1.7256kPa within 83 minutes. This underscores that, with all other external factors being 

equal, the infiltration rate of the accumulation slope intensifies as rainfall intensity increases. After attaining their 

respective maximum values, all three sensors exhibit slight fluctuations, suggesting that the loss of fine particles 

within the slope also exerts an influence on the sensors' readings. 

 

5

 

（a）Rainfall intensity 30mm/h       （b）Rainfall intensity 50mm/h    （c）Rainfall intensity 70mm/h 

Fig.7 Pore water pressure curve of slope under different rainfall intensity 

3.3 Fine particle migration during landslide 

With the continuous rainfall, the finer particles inside the accumulation body will be carried by the rain and left 

along the slope. Under various rainfall intensities, the migration rates of fine particles exhibit differences. Based 

on three different rainfall scenarios, this study also conducts an in-depth discussion on the loss rate of fine particles. 

Given the difficulty of directly observing the fine particle content in the accumulation body with the naked eye, 

the experiment adopts the method of sampling survey, aiming to scientifically analyze the migration law of fine 

particles in the accumulation body. Specific test methods are as follows: For the three groups of tests, samples 

were taken from the top of the slope along the slope every 15cm at the same position on the slope, and the sampling 

quality was 300g; The soil sample is mixed with 300g water in equal proportion to form a suspension. After 

configuration, the three groups of samples were passed through 0.1mm fine sieve respectively, and dried to count 

the final quality; The grain gradation curves of the accumulation body after three different intensities of rainfall 

are drawn. The final results are analyzed as follows:  
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(1) Under G1 condition, the fine particle content at each position inside the accumulation body is shown in Fig.8a. 

From the graph, it can be interpreted that when the rainfall intensity does not reach the level of heavy rain, the 

content of fine particles at the top of the slope changes little before and after the rainfall, with only a difference of 

0.3%. However, compared with the initial state, the decrease in the content of fine particles at the bottom of the 

slope is also relatively small, only 0.46%. Fig.9a shows the detailed situation of fine particles at the slope toe. It 

is noteworthy that the content of fine particles at the bottom of the slope is significantly higher than that at the top 

and middle, suggesting that during the migration process, fine particles tend to accumulate from the top and middle 

of the slope to the bottom. Further observation of Figure 9a reveals that the sediment structure at the slope toe is 

not uniform but exhibits distinct layering characteristics, with clay at the bottom and fine gravel covering it. This 

phenomenon indicates that the initial stage of accumulation deformation is often accompanied by the migration of 

fine particles. As a large number of fine particles migrate, their original supporting role weakens, leading to the 

loosening of large particles and ultimately potentially causing a landslide in the accumulation.  

(2) Under the G2 setting conditions, the distribution of fine particles in various regions of the accumulation body 

is shown in Fig.8b. Compared with the G1 conditions, the rainfall intensity of G2 has reached the level of a heavy 

rainstorm. At this time, the content of fine particles in the top and middle regions of the slope both decreased 

significantly, specifically, the top decreased to 7.40%, and the middle decreased to 8.10%. Although the content 

of fine particles at the bottom of the slope remains relatively high at 9.23%, according to the depiction in Fig.9b, 

the content of fine particles at the slope angle of the accumulation body has increased significantly. This indicates 

that although most of the fine particles from the top and middle of the slope will eventually erode and accumulate 

at the bottom of the slope, considering the increase in fine particles at the slope angle, the actual net loss rate of 

fine particles at the bottom of the slope is expected to exceed 0.77%. 

(3) Under G3 working condition, the fine particle content at each position inside the accumulation body is shown 

in Figure Fig.8c. Under the G3 scenario, the rainfall intensity rose to 70mm/h, far exceeding the definition standard 

of a heavy rainstorm, leading to the most significant loss of fine particulate matter. Specifically, the content of fine 

particles in the top of the slope decreased to 6.77%, further decreasing to 6.21% in the middle of the slope, while 

the bottom of the slope remained at 8.50%. It is worth noting that as the rainfall intensity continues to climb, the 

loss rate of fine particulate matter also accelerates. Before the rainwater begins to infiltrate the soil, runoff will 

first form on the slope surface, which results in a relatively smaller loss of fine particulate matter in the top of the 

slope compared to the middle of the slope.  

(4) As can be seen from Fig.10, there are obvious differences in particle gradation under the three working 

conditions. These differences can potentially be attributed to two factors: sedimentary history and the migration 

of fine particles post-deposition, triggered by rainfall. Rainwater brings particles into the soil through the 

macropores, and the physicochemical interaction of water (erosion, dissolution, hydrolysis, etc.) changes the 

strength of cementation between particles, resulting in the separation of particles inside the accumulation body. 

These fine particles are redistributed and redeposited at certain locations in the soil according to the movement of 

water. 

 



J. Electrical Systems 20-10s (2024):4528 - 4545 

  4540  

 

（a）G1 condition                    （b）G2 condition                    （c）G3 condition 

Fig.8 Fine particle content in each part of accumulation with different rainfall intensity 

 

 

（a）G1 condition                     （b）G2 condition                    （c）G3 condition 

Fig.9 Fines content picture at different positions of slopes with different rainfall intensity 
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Fig.10 Particle gradation curves of accumulation under different rainfall intensities 

4 DISCUSSION 

(1) This paper is not based on similar model tests of real slopes, but mainly focuses on the research of landslide 

hazards such as rain-induced accumulation landslides, which are more typical in southwest China. Therefore, the 

setting of model test has been simplified, which is similar to the model making method in midweek [29], hoping 

to reflect a certain type of accumulation through a single model. According to the experimental results of this 

model, under the rainfall intensity of 30, 50 and 70mm/h, the initial failure of the model is all at the slope Angle. 

According to the research results of Li Rongjian et al. [30], it may be due to the local three-dimensional effect in 

the landslide model trough, and the lateral boundary constraints of the model trough will make the test results 

different from the real situation.  

(2) In the course of the test, it can be observed that the total rainfall continues to increase over time although the 

rainfall intensity is 30, 50 and 70mm/h. However, the critical rainfall for landslide failure is 26.3, 15.2 and 15.8mm, 

respectively, which indicates that the critical rainfall value for landslide failure does not linearly decrease with the 

increase of rainfall intensity. This phenomenon is consistent with the results observed by Yang Zongji et al. [31] 

through Brooks-Corey(BC) and VanGenuchten(VG) models. According to Horton[32] 's slope infiltration theory, 

we know that the rate of rainfall infiltration is usually much lower than that of slope runoff. During the experiment, 

rainfall intensity of 70mm/h caused rainwater to swiftly form runoff on the slope surface, before it could penetrate, 

gradually eroding the slope and ultimately leading to a decrease in slope strength and the generation of turbidity. 

Conversely, at a rainfall intensity of 50mm/h, the rainwater had ample time to fully infiltrate, boosting soil moisture 

content and thereby increasing the dead weight. This shift in stress state within the slope body eventually reached 

a critical point, triggering a landslide. These findings highlight the complex relationship between rainfall intensity 

and deposit failure, as well as the significant influence of infiltration processes on slope stability.  

(3) The current experimental results are inconsistent with the phenomenon described by Cui[33] and Zhou Xiaojun 

[34] that fine particles form a relatively impervious layer at the foot of slope. In their model test, it was observed 

that the fine particle content at the foot of slope increased significantly after rainfall, with an increase of 7.8% to 

30.12%, which was significantly different from the measured change of fine particle content in this experiment 

(3.7% to 8.6%). The reason for this difference may be due to the migration, accumulation or blockage of fine 
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particles that may occur in the process of seepage subsurface erosion. In this experiment, the main observation is 

particle migration, which increases the soil porosity and accelerates the infiltration of rainwater. Secondly, it may 

be related to the difference in rainfall intensity and cumulative rainfall. In the flume test of Lei[35] et al., the 

rainfall intensity was as high as 291.72mm/hour, and the total rainfall was 243.1mm, while the maximum 

cumulative rainfall in this test model was 108.2mm, showing a big difference. But it also shows a linear 

relationship between rainfall and the degree of fine particle migration. These factors affect the experimental results, 

which makes the migration of fine particles in this experiment different from the observed results in previous 

studies. 

5 CONCLUSION 

In this paper, a loose accumulation slope in southwest China is taken as the simulation object, and the loose 

accumulation soil sample is used in the field for outdoor physical model test. Using physical model testing, 

numerical simulation, and sensor monitoring techniques, researchers have conducted a thorough investigation into 

the instability and failure mechanisms of loose accumulation slopes under three rainfall rates of 30mm/h, 50mm/h, 

and 70mm/h. This study focuses on the impact of different rainfall intensities on the physical and mechanical 

properties of accumulations, and comprehensively analyzes the dynamic changes and response patterns of key 

physical quantities such as the volumetric water content, pore water pressure, and fine particle content of 

accumulation slopes under these rainfall conditions. 

(1) The difference of rainfall intensity will also change the failure mode of accumulative landslide. When the 

rainfall intensity has not reached 50mm/h, the main failure mode of landslide is still multi-stage pull-apart. 

However, when the rainfall intensity gradually increases to 70mm/h, the rainwater will be transformed into surface 

runoff running down the slope due to insufficient infiltration, and eventually evolve into a collapsive damage mode 

similar to debris flow.  

(2) In the process of model test, the closer the burial position is to the top of the slope, the faster the numerical 

response of the sensor will be. It shows that the infiltration of rainwater is carried out in the vertical direction, 

which corresponds to the failure of the landslide surface. In addition, the lagged response of pore water pressure 

value changes relative to volumetric water content variations underscores the delayed nature of pore water pressure 

changes during the progression towards landslide failure.  

(3) The results of the model experiments reveal that the migration of fine particles in accumulation slopes during 

rainfall is inevitable, and the degree of their loss is closely related to the intensity of rainfall. Specifically, when 

the rainfall intensity is 30mm/h, the loss of fine particles is minimal, and the degree of landslide damage is also 

the least severe. However, as the rainfall intensity increases to 70mm/h, the loss of fine particles becomes most 

significant, and the degree of landslide damage is also the most severe. It is said that granular migration may be 

the direct factor of precipitation induced landslide. 
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