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Abstract. Granite weathered crust exhibits a dual structure, which affects the pattern of damage on slopes. This study11
designed three kinds of slope models with residual layer thicknesses against the background of a landslide cluster in12
Mibei Village, Longchuan County, Guangdong Province. The hydrological response and deformation damage13
characteristics of granite weathered crust slopes under heavy rainfall conditions were analyzed and the disaster-causing14
mechanism of landslides was studied through physical model tests. The results show that the three types of slopes exhibit15
distinct disaster mechanisms. For the slope with a residual layer of 10 cm thickness, rainfall rapidly infiltrates the soil-16
rock interface, resulting in the formation of a temporary water table at the interface. The residual layer is rapidly saturated17
and is susceptible to overall flow-slip damage under seepage, with no obvious sliding surface. For the slope with a18
residual layer of 20 cm thickness, it takes a long time for rainfall to penetrate into the soil-rock interface. Rainwater19
gathered at the interface significantly reduces the shear strength of the residual soil. Slope tends to slide along the soil-20
rock interface at the slope toe under the traction and drag of water flow, which can result in sudden slide. For the slope21
with a residual layer of 10cm thickness, no evidence of strong seepage is observed within the slope. The slope gradually22
slides along the wetting front under hydrostatic pressure and self-sliding force, with the circular arc sliding surface.23

24
1 Introduction25

26
Granite is widely distributed in the southeastern coastal areas of China. The area of granite in Guangdong27

Province is approximately 65,300 km², which accounts for about 36% of the total area of the province (Zhang 2009). The28
granite is subjected to a lengthy period of physico-chemical weathering to form a huge thick weathered crust with a29
surface layer of granite residual soil. The residual soil exhibits superior integrity and remarkable mechanical properties30
due to the robust interconnections between weathering residues (Chen et al. 2011). However, residual soil exhibits poor31
hydro-physical characteristics, rendering its original stable structure susceptible to rapid destruction when exposed to32
water (Branco et al. 2014; An et al. 2020; Li et al. 2020). Wang et al. (2020) demonstrated that slope stability is reduced33
by up to 30% under wet and dry cycles. Guangdong Province is situated within the subtropical monsoon climate zone,34
characterized by abundant rainfall. The granite area is prone to group-occurring mountain disasters during heavy rain. For35
example, Typhoon Fanyabi precipitated exceptionally heavy precipitation in Magui Town on September 21, 2010,36
resulting in a geologic catastrophe that claimed 100 lives, affected 129,000 individuals, and incurred 5.15 billion RMB in37
direct economic losses (Wang et al. 2022). From June 9 to 14, 2019, Longchuan County experienced persistent heavy38
precipitation, resulting in numerous landslides and debris flows throughout the county. The event affected 24 towns and39
352 villages to varying degrees (Bai et al. 2021). These disasters have caused considerable economic and ecological40
losses within the region.41

Rainfall infiltration results in the softening and increased weight of the rock and soil. From a hydrologic42
perspective, it causes runoff within the slope and an increase in the water table. These factors are critical in inducing43
landslides (Iverson 2000; Zeng et al. 2017; Tang et al. 2018; Marin and Velai 2020). Scholars have conducted relevant44
research on landslides in granite areas by analyzing the hydrological response, mechanical relationship and structural45
change of slopes during rainfall. Wakatsuki and Matsukura (2008) concluded that granite slopes with thin weathered46
layers are more sensitive to rainfall response and more prone to landslides. Xia et al. (2019) demonstrated that the47
physico-mechanical properties of residual soil exhibit spatial variability along the profile, which has a significant impact48
for slope erosion. Herrada et al. (2014) and Xu et al. (2018) investigated the seepage field characteristics and evolution49
patterns of residual soil slopes under rainfall, establishing applicable seepage models. Harianto et al. (2010) concluded50
that changes in residual soil water content lead to corresponding changes in matrix suction, and the magnitude of matrix51
suction affects soil shear strength and slope stability. Zhang et al. (2020) analyzed the seepage and stress-strain fields of52
slopes by back-analyzing the unsaturated hydraulic parameters of residual soils using soil column tests and applying them53
to numerical simulations. Xu et al. (2018) and Bai et al. (2022) applied physical model tests to analyze the destabilization54
and damage process of slopes under different conditions to reveal the destabilization pattern of rainfall-induced residual55
soil slopes. Roberto et al. (2019) found that the damage process of residual soil slopes during precipitation is a complex56
process involving multiple initiations and destabilization. Feng et al. (2022) carried out an in-situ rainfall test in the57
granite area. The study initially revealed the damage mechanism of landslides by observing and analyzing the changes in58
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sensor data and the phenomenon of deformation and destruction.59
The majority of current studies simplify the granite weathered crust as a single homogeneous soil layer.60

Nevertheless, there are notable discrepancies in the physico-mechanical properties of the residual and weathered layers of61
real-world granite weathered crust (Qi et al., 2022). Furthermore, the weathering degree of granite is influenced by62
geomorphological and climatic conditions, which often results in residual layers with significant thickness differences63
(Wang et al. 1991). The influence of stratigraphic structure must be considered if the diversity and complexity of slope64
damage in granite areas under heavy rainfall are to be fully explained. In this study, a detailed survey was conducted to65
inform the design of slope models, which were then subjected to physical model tests. The results analyze the66
hydrological response and the deformation and damage mechanisms of slopes with different residual layer thicknesses67
under heavy rainfall. This study can provide theoretical basis for the monitoring and prevention of rainfall-induced68
landslides in granite areas.69

70
2 Background71

72
Longchuan County, Guangdong Province, is located in the subtropical monsoon climate zone of China. The area73

experiences a high level of precipitation, with an average annual rainfall of 1621.79 mm. The distribution of rainfall74
across the region is uneven, with the majority of precipitation occurring between April and July each year. These months75
account for 52% of the annual rainfall, with the majority of this occurring as heavy rainfall. A total of 95.35% of76
geohazards occurred during periods of concentrated rainfall (Zhu 2021; Jia et al., 2024). There is a strong correlation77
between periods of heavy rainfall and periods of high incidence of geohazards. From June 10 to 13, 2019, persistent78
rainfall occurred in Longchuan County. One of the heavy rainfalls from 14:00 to 19:00 on June 11 resulted in mass79
landslides throughout the Mibei Village. Following the disaster, we surveyed the geological and geographic environment80
of Mibei Village, focusing on the 31 larger landslide sites in this event (Fig. 1b). The study area is hilly and mountainous81
landform, with simple geological conditions. There are no discernible faults or folds, and the groundwater table is deep.82
The bedrock consists of Lower Paleozoic granite. The outcrops on the surface expose the thick weathered crust formed by83
the weathering of granite. A distinct boundary can be seen in the profile of the stratum (Fig. 2a), showing a typical dual84
structure. The upper part of the weathered crust is the residual layer formed in situ after the weathering of granite. It is85
unevenly exposed at different locations and has a thickness of 1.00-10.40 m. The residual soil is hard plastic, slightly wet,86
and yellowish-brown in color. Quartz grains are visible to the naked eye. The lower part consists of the completely87
weathered layer, where the original rock structure remains discernible. The lower part of the weathered crust is the88
completely weathered layer, where the original rock structure remains recognizable. The completely weathered granite is89
hard and grayish-brown in color. All minerals, except for quartz, have been weathered (Fig. 2b). The basic geotechnical90
properties of the weathered crust are shown in Table 1. According to particle gradation, the residual soil belongs to sandy91
clay (Zhang et al. 1997). The lower completely weathered layer is more compact and less susceptible to water seepage92
than the upper residual layer. The survey statistics of 31 landslide points show that the slope gradient of the landslides93
ranges from 31° to 45°, with the transverse width from 36 to 135 m, and the longitudinal length from 40 to 88 m. The94
sliding surface depth ranges from 1.5 to 4.3 m, all of which are shallow landslides. The material composition of the95
landslide mass is mainly residual soil. The water content of the landslide mass is considerable, and some of the landslides96
exhibit fluidization.97
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99
Figure 1. Map showing the background of study area. (a) geographical location. (b) satellite images before and after100

103
Figure 2. Geological condition of the study area. (a) stratigraphic structure. (b) core.104

105
Table 1. Geotechnical properties of granite weathered crust.106

107

Rock and soil
Dry

density
(g·cm-3)

Mass water
content (%)

Void
ratio

Permeability
coefficient (m·s-1)

Soil mass percentage by grain size (%)
>2
mm

≤2
mm

≤0.5
mm

≤0.25
mm

≤0.075
mm

Residual soil 18.9 7.53 0.724 3.47×10-5 6.49 93.51 56.39 46.91 39.63
Completely

weathered granite 20.7 6.14 0.563 4.86×10-6 10.79 89.21 57.44 44.81 31.41

108
3 Physical model test109

110
3.1 Artificial rainfall model experiment111

112
The slope physical model test platform is comprised of model box, rainfall system, and data acquisition system113

101 disaster (sourced from © Google Earth).
102
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(Fig. 3a). The dimension of the model box is 2 m×1 m×1.8 m (Length×Width×Height), and it is constructed with114
plexiglass and steel columns. Grid lines have been drawn on the plexiglass sidewalls to provide coordinate reference and115
datum control. The EL-RS3/5 mobile artificial rainfall simulation system produced by Beijing ECO-LEADER company116
that consists of rainfall machine, water supply system, control system. Its effective rainfall area is 5 m×3 m (Length×117
Width), with the rainfall uniformity coefficient greater than 0.9. The data acquisition system mainly consists of water118
content sensor, pore water pressure sensor, and data collector, which are produced by Xi'an Weizheng Electronic119
Technology Company. The water content and pore water pressure data are transferred to the notebook at a frequency of 3120
min via the data collector. The deformation damage characteristics of slopes are recorded using the camera.121

The objective of this experiment is to explore the rainfall infiltration law and the process of deformation damage122
in granite weathered crust slopes with varying residual layer thicknesses during heavy rainfall. A slope model geometric123
similarity ratio of 1:20 was determined based on the field investigation and experiment conditions. The model measures124
120 cm in length, 100 cm in width, and has a slope angle of 27°. Three sets of test models, designated E1, E2 and E3,125
were designed with residual layer thicknesses of 10 cm, 20 cm and 30 cm, respectively. The generalized geological model126
is shown in Fig. 4. According to Weber similarity criterion, the rainfall intensity similarity ratio should be the negative127
one-half power of the geometric similarity ratio (Sun and Zhang 2012). Accordingly, this study employs the rainfall128
intensity similarity ratio of 1:0.22. The cumulative rainfall in the study area prior to the disaster was 62.4 mm from 14:00129
to 19:00, which was converted to rainfall intensity 47.2 mm/h and duration 6h for the experiment. The groundwater table130
in the study area is deep, and the initiation of landslides is not related to groundwater. Therefore, groundwater is not131
considered in the test.132

133

134
Figure 3. Slope physical model test platform. (a) model test system. (b) rainfall simulator. (c) rainfall controller. (d) data135
collector. (e) sensors.136

137
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138
Figure 4. Schematic diagram of slope dimension and sensor buried position (unit: cm).139

140
3.2 Material selection141

142
The selection of experimental materials is the focus of physical model test. At present, two principal approaches143

to material selection exist. The first is the use of artificial materials configured based on similarity theory (Zhang et al.144
2023; Li et al. 2023). The second is the use of prototypical materials taken directly from the study area (Zhang et al. 2019;145
Zhen et al. 2023). This experiment focuses on the impact of performance differences among geotechnical bodies on slope146
damage, so the selection of prototypical materials can more objectively reflect the rainfall infiltration law and147
deformation damage process of this type of slope. The experiment model comprises the residual layer and the weathered148
layer. Residual soil and completely weathered granite were first sampled in the landslide area and then remodeled indoors149
based on particle gradation and initial mass moisture content.150

151
3.3 Experiment procedure152

153
The slopes were modeled by combing the density control method and the layered filling method. The specific154

experimental procedure is as follows:155
1. The slopes were filled in one layer per 10 cm. The mass of material needed to lay each layer was calculated156

using the volume of each modeled layer, the predetermined dry density and water content of the geotechnical body.157
2. The weathered layer was filled first. The weighed material was spread evenly inside the model box and158

tamped to the predetermined height. The model was subsequently cut to the predetermined angle based on the gridlines of159
the sidewalls of the model box. To simulate the interface between the weathered and residual layer, the surface of the160
weathered layer was scraped. Repeated the aforementioned steps to complete the filling of the residual layer.161

3. When the material was stacked to the depth of the sensor pre-embedding during slope construction, the sensor162
was inserted and secured while the data collector was turned on to determine if the readings are abnormal.163

4. After completing the modeling, the model was covered with tarpaulin and left to stand for 48 h. This allowed164
for uniform adjustment of the internal water distribution and stress state of the soil body. Initiate the rainfall system to165
commence the experiment. The experiment was terminated if landslides occurred during rainfall.166

167
4 Results168

169
4.1 Slope failure process170

171
Figure 5 shows the failure process of the E1 slope. The infiltration of rainwater into the slope resulted in the172

destruction of the soil structure, leading to the formation of small range of low lying areas on the slope (Fig. 5a). As173
rainfall persisted, the residual layer gradually became saturated, and runoff was generated on the slope. The low lying174
areas on the slope surface gradually developed into fine gullies as a result of runoff scouring (Fig. 5b). The phenomenon175
of slip-collapse was first observed at the slope toe (Fig. 5c). The initial fine gullies, subjected to the continuous action of176
seepage and erosion, ultimately evolved into erosion trenches of a certain depth and width (Fig. 5d). From the shape of177
the landslide, the E1 slope was severely eroded by the water flow, and there was no obvious sliding surface , showing an178
overall flow-slip damage (Fig. 5d). In terms of the landslide failure process, the extensive damage to the E1 slope179
occurred subsequent to the damage to the slope toe.180

Figure 6 shows the failure process of the E2 slope. Rainwater was constantly flowing towards the slope toe,181
thereby reducing its capacity to withstand deformation damage and facilitating the formation of crack I in rainfall 294182
min (Fig. 6a). At 306 min of rainfall, the soil body at the slope toe exhibited horizontal movement along the soil-rock183
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interface, resulting in uneven settlement of approximately 3 cm of downward misalignment and crack II (Fig. 6b). The184
slope then slid along crack I and crack II (Fig. 6c). From the shape of the landslide, the E2 landslide was characterized by185
a straight trailing edge and a translational sliding surface at the soil-rock interface (Fig. 6d). In terms of the slope failure186
process, It took only 15 min for the E2 slope to occur landslide after the appearance of the crack at the slope toe. This187
landslide was characterized by sudden sliding.188

Figure 7 shows the failure process of the E3 slope. Rainfall infiltration alters the stress state within the slope,189
resulting in tensile stress concentration at the top and middle of the slope. Tensile crack I were observed under the190
influence of gravity (Fig. 7a). With the continuous heavy rainfall, the microcrack I further expanded. Concurrently, crack191
II appeared on the slope (Fig. 7b). The cracks continued to expand and penetrate. Eventually the landslide sheared out at192
the slope toe (Fig. 7c). From the shape of the landslide, The thickness of the E3 landslide was about 23 cm. The sliding193
surface exhibited a circular arc shape, which is rotational landslide (Fig. 7d). In terms of the slope failure process, the E3194
slope tended to experience sliding due to the slow expansion and penetration of the crack situated at the middle of the195
slope. This process caused multiple cracks to appear on the slope, which was a progressive damage.196

197

198
Figure 5. Deformation and failure process of E1 slope. (a) low lying area. (b) runoff scouring. (c) slip and collapse at199
slope toe. (d) surface erosion.200

201

202
Figure 6. Deformation and failure process of E2 slope. (a) crack at slope toe. (b) slope dislocation. (c) landslide203
occurrence. (d) top view.204

205

206
Figure 7. Deformation and failure process of E3 slope. (a) crack at mid-slope. (b) crack propagation. (c) landslide207
occurrence. (d) top view208

209
4.2 Water content response210

211
The water content-time curve for the E1 slope is presented in Fig. 8a. In the early stage of rainfall, rainwater212

infiltrated into the slope through the pores of the residual soil. After 57 min of rainfall, the values of W1-1 and W1-3213
increased first, followed by W1-2, indicating that the rainfall had infiltrated to the interface between the residual layer and214
the weathered layer and that the water content of the soil near the soil-rock interface began to increase. Subsequently, the215
growth rate of W1-1, W1-2, and W1-3 values continued to increase. The values increased sharply and peaked within 135-216
159 min. This indicates that the soil water content at the soil-rock interface rises rapidly and the soil becomes saturated in217
a short period of time. The sensors within the weathered layer did not begin to respond until 267 min after rainfall, and218
the rate of increase in W2-1, W2-2, and W2-3 values was consistently low. At the conclusion of the test, it was observed219
that the largest increase in sensor value was only 3.38%. This suggests that rainfall has a minimal impact on the220
weathered layer. The phenomenon is attributed to the infiltration of rainwater into the weathered layer, which has a low221
permeability. The difference in permeability coefficients between the upper and lower geotechnical layers affects the rate222

https://doi.org/10.5194/egusphere-2024-2138
Preprint. Discussion started: 8 January 2025
c© Author(s) 2025. CC BY 4.0 License.



7

of rainwater infiltration at the interface, resulting in a notable reduction. The dense weathered layer in the lower part223
exhibits water resistance, and water stagnation occurs at the interface between the residual and weathered layers.224
Rainwater flows along the interface, reducing the vertical infiltration capacity and making it difficult to infiltrate into the225
weathered layer.226

The water content-time curve for the E2 slope is presented in Fig. 8b. At the onset of rainfall, rainwater mainly227
infiltrated vertically into the shallow surface layer of the slope in the form of pore flow. The W1-1 value exhibited the228
earliest increase after 54 min of rainfall, due to the fact that the top of the slope is closest to the rainfall device and is229
more susceptible to rainfall infiltration. Subsequently, the values of W1-3 and W1-2 commenced an incremental ascent,230
signifying that the rainfall infiltration had reached a depth of 10 cm within the slope at that moment. After 111 min of231
rainfall, the W2-2 value began to increase, followed by W2-1 and W2-3. This indicates that the rainfall had infiltrated at232
the residual layer-weathered layer interface. The values of W2-1, W2-2 and W2-3 increased sharply, and their growth rate233
was much higher than that of the sensor at the soil burial depth of 10 cm. The cause of this phenomenon is analogous to234
that of E1 slope. The infiltration properties of the residual and weathered layer exert a significant influence on the235
accumulation of rainwater at the soil-rock interface, which subsequently forms a temporary water table. Rainwater that236
infiltrates into the soil-rock interface collects here affected by different infiltration properties of the residual and237
weathered layers. This results in the formation of a temporary water table. The water table gradually rises as rainfall238
infiltrates, and the water content of soil in the vicinity of the interface increases at a faster rate than that of soil above the239
interface. The values of W1-1, W1-2, and W1-3 remained stable after 153 min, 141 min, and 168 min, respectively. This240
indicates that the soil at a depth of 20 cm had reached saturation. At 273 min of rainfall, the W1-3 value showed a241
pronounced increase, suggesting that the rate of increase of soil water content at the depth of 10 cm at the slope toe was242
considerably more rapid. This is due to the fact that rainwater continues to collect at the slope toe under the influence of243
runoff, and the subsequent rise in the temporary water table to the depth of 10 cm. As the rainfall continued, the soil water244
content at the slope toe eventually became significantly higher than that at the top and middle of the slope, reaching245
saturation after 291 min of rainfall.246

The water content-time curve for the E3 slope is presented in Fig. 8c. During the initial 60 min of rainfall, the247
infiltration of rainwater into the 10 cm depth of soil occurred in the form of pore flow, resulting in a sequential increase in248
the values of W1-1, W1-3, and W1-2. Following 138 min of rainfall, the W2-3 value began to increase, indicating that249
rainwater infiltrated to the depth of 20 cm at the slope toe. This was followed by a sequential increase in the values of250
W2-1 and W2-2. At 200 min of rainfall, the growth range of each sensor value was W1-3>W1-1>W1-2>W2-3>W2-251
1>W2-2. This shows that the rate of water content growth in the soil at the depth of 20 cm is significantly slower than that252
at the depth of 10 cm. It is because the transport of infiltrating rainwater to greater depths is affected by the unsaturated253
permeability of the soil at the wetting front, where the soil is still in the state of initial matrix suction. The low unsaturated254
permeability of the soil at the wetting front hinders the vertical downward movement of water (Rahardjo et al. 2005). The255
mode of rainfall transport has undergone a significant shift, moving from a predominantly vertical infiltration process to256
one that coexists with horizontal percolation. This shift has resulted in notable delay in the response of the deeper part of257
the slope to rainfall infiltration. In addition, rainwater within the infiltration slope continued to converge downward under258
gravity, resulting in the most rapid increase in sensor value at the slope toe. The W1-2 value showed a significant259
increasing trend following 258 min of rainfall, indicating a swift rise in soil water content at the depth of 10 cm within the260
slope. The reason for this phenomenon is that the crack at the middle of slope provide easy access for rainfall infiltration.261
Rainwater infiltrates rapidly in the form of crack-preferential flow. The peak values of W1-3, W1-1, and W1-2 were262
observed at 288, 303, and 321 min of rainfall, respectively, indicating that the soil was nearly saturated at the depth of 10263
cm.264

265
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266
Figure 8.Water content-time curves. (a) E1 slope. (b) E2 slope. (c) E3 slope.267

268
4.3 Fine particle migration269

270
In the case of rainfall-induced landslides, it is common for turbid runoff to carry sediment downhill and pile up271

at the slope toe. The phenomenon is essentially particle migration (Lu et al. 2011; Cui et al. 2014). The residual soil lacks272
intermediate particle size. The coarse particles form the skeleton of the soil, and the fine particles are attached to the273
skeleton particles as cement-like substance (Liu et al. 2021). This makes the fine particles can be carried by water flow274
and move through the skeleton pore. It is difficult to make direct observation inside the slope without the aid of275
specialized equipment. In this study, Samples were obtained from the top, middle, and toe of slope of the three groups276
using cutting ring. The locations of the samples were correspond with the depth of the sliding surface. The fine particles277
(particle size less than 0.075 mm) in the soil were measured by the particle gradation test, which was then compared with278
the initial fine particle content.279

The fine particle content at each location of the slopes at the end of the tests is shown in Fig. 9. It can be seen280
that there is a large difference in the fine particle content at each location of E1 slope. The loss of fine particles was most281
severe at the top of the slope, with a reduction from an initial 39.63% to 30.61%. The loss of fine particle content in the282
middle of slope was then 7.42%. Concurrently, the fine particle content at the toe of the slope increased by 8.53% (Fig.283
9a). This indicates that the interior of the slope was undergoing a process of fine particle loss, with the lost portion284
undergoing longitudinal migration and eventual accumulation at the toe of the slope. The fine particle content of E2 slope285
exhibited a 3.18% decrease at the top of the slope, a 1.16% decrease at the middle of the slope, and a 2.51% increase at286
the slope toe (Fig. 9b). E2 slope have been observed to exhibit a substantial reduction in fine particle loss in comparison287
to E1 slope. This is due to the fact that the seepage time in the E2 slope was relatively brief, with seepage occurring only288
locally. The fine particle content is nearly identical at all locations in the E3 slope (Fig. 9c). This phenomenon may be289
attributed to the absence of pronounced seepage in the E3 slope, which had resulted in a low likelihood of fine particle290
migration. The loss of fine particles destroys the soil structure, which has a greater impact on slope stability. The gradual291
increase in pore size between coarse particles within the slope will in turn exacerbate the loss of fine particles, leading to292
a reduction in the strength of slopes and their susceptibility to damage.293

294

295
Figure 9. Fine particle content at different positions of slopes with different tests. (a) E1 slope. (b) E2 slope. (c) E3 slope.296

297
4.4 Pore water pressure response298
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299
The water content change curve indicates that the initial state of the soil and rock mass of the slope model is300

unsaturated. The slope exhibits a significant matrix suction, which necessitates the use of a high-capacity tension sensor301
for measurement. However, the pore water pressure sensor utilized in this study is only capable of measuring positive302
pore water pressure. Therefore, the value of the sensor was set to zero prior to the commencement of the test (Nian et al.,303
2023).304

The pore water pressure-time curves are presented in Fig. 10. In general, the pore water pressure change curves305
exhibit a similar overall trend to the water content change curves. This is due to the fact that the change in pore water306
pressure in the soil is primarily influenced by the soil water content. The value of P1-1 in the E1 test exhibited a slight307
decline at 261 min of rainfall, followed by a rapid increase at 273 min of rainfall (Fig. 10a). This phenomenon may be308
attributed to the loss of fine particles from the soil, which results in the hollowing out of the soil skeleton, composed of309
coarse particles. The reclosure of the pore subsequent to the collapse of the skeleton resulted in a sudden increase in pore310
water pressure. The value of P1-3 continued to increase at 294 min of rainfall (Fig. 10b) . This is because the fine311
particles that migrated to the slope toe obstructed a portion of the pores, thereby inhibiting the seepage channel and312
making rainwater drainage difficult. Consequently, the pore water pressure continued to increase. The value of P2-3 in the313
E2 test exhibited a gradual increase at 276 min of rainfall, reaching a peak at 303 minutes (Fig. 10c). This was314
subsequently followed by a sharp decline. This may be due to the fact that granite residual soil in the area exhibit negative315
dilatancy (Chen et al. 2024). When shear damage occurring on the slope, the pores within the soil became smaller in size,316
thereby the pore water pressure in the soil continued to increase. The pore water pressure was dissipated after the317
landslide occurred. The E3 test exhibited a greater number of bends in each pore water pressure curve, with the sensor318
value initially increasing and subsequently decreasing. It indicates that multiple localized cracks appeared in the slope319
during the period of the E3 test, which is consistent with the experimentally observed phenomenon. It is also noteworthy320
that the response time of the peak pore water pressure in the soil in the vicinity of the sliding surface are all smaller than321
the response time of the peak water content. This suggests that there is a hysteresis in the response of the pore water322
pressure. This is in accordance with the fact that the majority of landslides occur subsequent to the peak rainfall intensity323
(Dai et al. 1999a).324

325

326
Figure 10. Pore water pressure-time curves. (a) E1 slope. (b) E2 slope. (c) E3 slope.327

328
5 Discussion329

330
The essence of rainfall-induced landslides is the occurrence of a series of complex interactions between331

rainwater infiltrated into the slope and the geotechnical body (Xu 2007; Hou et al. 2017). Therefore, an in-depth analysis332
of rainfall infiltration affect can aid in understanding the cause of landslides. In this study, rainfall infiltration is affected333
by the thickness of the residual layer, which makes the failure pattern of the granite weathered crust slope significantly334
different from that of related studies in the granite area (Wu et al., 2022; Yin et al., 2023). When the residual layer is thin,335
rainfall infiltration results in the rapid saturation of the residual layer and the occurrence of seepage. The fine particles in336
the soil continue to accumulate towards the slope toe under seepage, which impedes the drainage of the slope toe. This337
leads to a continuous rise in pore water pressure. Concurrently, the incease in the fine particle content of the soil enhances338
the likelihood of soil liquefaction (Monkul and Yamamuro 2011; Monkul et al. 2016). The slope toe is destabilized first.339
The loss of fine particles destroys the soil structure, which in turn leads to the disintegration of the soil. The soil340
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undergoes large-scale flow under water flow (Fig. 11a). When the residual layer thickens, in-slope seepage is primarily341
observed at the soil-rock interface under rainfall infiltration. The seepage is not strong, and there is less loss of fine342
particles from the soil. The integrity of soil body is relatively good. The continuous accumulation of water towards the343
slope toe results in the soil saturation, which in turn causes the formation of cracks at the slope toe. Besides, the soil-rock344
interface forms a region of high pore water pressure, which has low shear strength. The soil body tends to slide along the345
soil-rock interface direction under the traction and drag of seepage. The landslide finally occurred as traction failure at the346
slope toe (Fig. 11b). As the residual layer becomes thicker, the in-slope seepage is no longer apparent. Rainfall infiltration347
results in the formation of cracks in the middle and top of slope where stress concentrations occur. The cracks are348
subsequently filled with water, generating hydrostatic pressure. The cracks inside the slope are constantly expanding and349
penetrating. The slope experienced thrust-type damage under the combined action of hydrostatic pressure and gravity.350
The sliding surface exhibits a circular arc shape as a result of the shearing failure in cohesive materials(Fig. 11c).351

In addition, there is a question worth discussing. This study was conducted based on model tests, and the model352
materials utilized were collected in the field and are considered to be remodeled samples. It should be noted that the353
constructed slope model may differ somewhat from the actual situation, which may result in limited practical usability of354
the results of this research. Consequently, this study investigated the correspondence between the actual residual layer355
thickness and landslides, as well as to analyze the consistency between the findings and the model test results. Figure 12356
depicts landslide 11, which is compared to the failure pattern of E1 slope. The landslide almost involves the entire357
mountain, lacking an obvious sliding surface. Its movement was similar to that of a debris flow. The E1 experiment result358
did not exhibit a severe flow-slip phenomenon comparable to Landslide 11 due to the limitations of the test conditions.359
Figure 13 depicts landslide 15, which is compared to the failure pattern of E2 slope. The landslide has obvious sliding360
surface and is located at the boundary between the residual and completely weathered layers. The trailing edge of the361
landslide displays a pronounced scarp with a semicircular planar profile, accompanied by evidence of traction damage.362
The field investigation also found that Landslide 15 was responsible for the triggering of several secondary landslides on363
the mountain. Figure 14 depicts landslide 8, which is compared to the failure pattern of E3 slope. The trailing edge and364
sidewalls of the landslide exhibit numerous tensile cracks, which correspond with the emergence of multiple cracks on365
the slope at the conclusion of the E3 experiment. The leading edge of the mountain appeared to uplift phenomenon, with366
a height of about 20 cm. Secondary cracks were found on the road. The landslide exhibits feature of thrust type. The test367
results in this study showed that the slopes were susceptible to damage at shallow depths under short-term heavy rainfall.368
This finding is consistent with the results of the field investigation.369

Finally, the model tests conducted in this study were subject to the following limitations. Firstly, the selection of370
the thickness of the residual layer of the slope model was primarily based on the assumption that the thickness of the371
residual layer exerts an influence on the slope damage pattern. Consequently, the residual layer thickness was not taken372
into account sufficiently finely. Secondly, the rainfall design of the test was based on actual rainfall scenarios and did not373
consider the impact of different rainfall characteristics on slope damage pattern, such as the influence of rainfall intensity374
and rainfall duration. In the next phase of research, tests should be designed to study slope failure pattern under the375
combined effect of residual layer thickness and rainfall characteristics. This will facilitate the wider application of the376
research findings.377

378
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379
Figure 11. The process of destruction of slopes. (a) E1 slope. (b) E2 slope. (c) E3 slope.380

381

382
Figure 12. No.11 landslide. (a) landslide panoramic view. (b) landslide sectional view.383

384
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385
Figure 13. No.15 landslide. (a) landslide panoramic view. (b) landslide sectional view.386

387

388
Figure 14. No.8 landslide. (a) landslide panoramic view. (b) landslide sectional view.389

390
6 Conclusion391

392
In this study, the hydrological response and damage mechanism of slopes with different granite weathered crusts393

were investigated by physical model test against the background of group-occurring landslides in Mibei Village,394
Longchuan County, Guangdong Province, China. The main conclusions are as follows.395

Rainfall that infiltrates the soil-rock interface may stagnate due to the difference in permeability coefficients396
between the residual and weathered layer. Residual soil near the soil-rock interface becomes saturated more rapidly and is397
prone to seepage along the interface. The thinner the residual layer, the shorter the time for rainfall infiltration to reach the398
soil-rock interface, and the more pronounced the phenomenon of water stagnation and seepage at the interface, which in399
turn affects the mode and mechanism of slope failure. No evidence of strong seepage is observed within the slope when400
the residual layer thickness was 30 cm. In the event of the short term and high-density rainfall, the slope with a residual401
layer of 10 cm is susceptible to overall flow-slip damage without an apparent sliding surface; the slope with a residual402
layer of 20 cm is prone to traction sliding at the slope toe with sudden, where the sliding surface is at the soil-rock403
interface; the E3 slope with a residual layer of 30 cm tends to a thrust-type slide at the middle of the slope, where the404
sliding surface with a circular arc shape is within the residual layer and the damage process is gradual. The landslides are405
all shallow damage.406
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