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ABSTRACT

This study collected soil samples from four levels of collapsing wall soils in layers and analyzed
the physical and chemical properties and strength characteristics of such soils at different layers.
The results showed the following: (1) The physicochemical properties of the four layers (red soil
layer, sandy soil layer, debris layer, and gravel breccia residual layer) of the collapsing wall soil are
closely related to and change regularly with, the degree of weathering of the crust. (2) The effect of
soil moisture on soil strength is significant. With an increase in soil moisture, the cohesion c-index of
all soil layers initially increases and then decreases. (3) In the vertical section of the collapsing wall
soil, the shear strength of the soil is enhanced from the bottom to the top as follows: gravel breccia
residual layer < detrital layer < sandy layer < red soil layer. (4) Many physicochemical factors affect
the strength of the collapsing wall soil. Only exchangeable calcium, saturated moisture content, the
proportion of soil particles, and the dry density of soil particles are not significantly correlated with
the shear strength.

Keywords: Benggang erosion; Collapsed wall; Shear strength characteristics; Granite red soil region in
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1. Introduction

In the granitic areas of tropical and subtropical South
China, there is a widely distributed erosional phenomenon
and an associated small-scale erosional landform, which is
called the “Benggang erosion” (Fig. 1) by the local people
[1]. The Benggang erosion is a specific form of soil erosion
in the granitic red soil region of Southern China [1,2]. The
soil surface and landforms were promptly changed within
the Benggang erosion by water and gravity [3,4]. Several
geography scholars call the landforms formed by collapse
and erosion “bad mountain landforms” and “badland land-
scapes.” [1]. A large amount of sediment generated by the
Benggang erosion harmed farmlands, filled riverbeds, and
damaged water-conserving facilities. Furthermore, mud
sand flows generated from Benggang catchments may
destroy roads and farmhouses and possibly result in serious
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losses of life and property [5]. The Benggang erosion region
is labeled as one of China’s current “ecological environment
ulcers” [1]. Large-scale development within the Benggang
erosion area in South China has resulted in severe soil ero-
sion problems on the red soil hillsides in South China. “Red
Deserts” are distributed within certain subtropical humid
areas in the Pearl River Basin (Fig. 1), and the problem of land
degradation is prominent. The erosion process in Benggang
is mainly accomplished through the collapse of landform
walls. Many scholars have stated that the collapse of land-
form walls plays a crucial role in the process of erosion; the
Benggang erosion and its landforms would not have devel-
oped as they have without the collapse of landform walls.
That is, collapses of landform walls are the most active part
of the entire collapse process and serve as the material source
for the overall movement of the Benggang erosion [4,6-8]. In
the red soil region of South China, changes in the moisture

1944-3994/1944-3986 © 2019 Desalination Publications. All rights reserved.



120 H. Zhou, H. Li / Desalination and Water Treatment 170 (2019) 119-127

Fig. 1. View of a typical Benggang erosion in Deqing County of Guangdong Province, China.

content of the collapsing wall soil considerably influence the
shear strength, and the different levels of shear strength of
soils vary with the water change law. A quantitative anal-
ysis of the change law of soil shear strength with the water
content of the collapsing wall is the key to predicting soil
erosion caused by collapsed walls.

Soil shear strength was found to be an important param-
eter in much of the literature. Dunn [9] conducted tests on
samples collected from Colorado, Nebraska, and Wyoming,
and he related the vane shear strength of the soil to the crit-
ical 6 tractive force, that is, the force at which erosion of
the cohesive sediment began. A linear plot of the critical
shear stress versus the vane shear strength was obtained
in the study. Partheniades and Paaswell [10] suggested that
the soil shear strength is not the only parameter used to
define the erosional resistance of soil. In his experiments,
Partheniades [11] reported that soils with similar strengths
displayed differing critical shear stress values and that
the term “critical shear stress” itself has little meaning.
Partheniades [11] investigated the erosion and deposition
of fine cohesive sediments in an open flume with recircu-
lating water at ocean salinity and at a constant depth. Soil
shear strength has been experimentally proven to contrib-
ute slightly in predicting soil erosion and the erosion occur-
rence process [12]. While shear strength is widely used in
soil erosion predictions and other fields, research on the
shear strength of the Benggang erosion and wall soils with
water changes is limited. To date, only Zhang [13] and Lin
[8] have used direct shear to analyze the magnitude and
attenuation mechanism of the shear strength of Benggang
erosion rock; they concluded that the shear strength of the
soil reached its maximum when the soil moisture content
reached 13%. However, these authors did not conduct a lay-
ered study on the shear strength characteristics of the rock
and soil layers at different levels. Although the character-
istics of soil strength have attracted the attention of schol-
ars, the soil strength characteristics and influencing factors
at different soil levels for collapsing wall soils (such as in
this paper) have rarely been reported. In particular, the lit-
erature lacks a comparative analysis of the multilevel and
varied water content changes of deep granite weathering

crust-collapsing wall soils and the physicochemical prop-
erties influencing their strength. In view of these concerns,
this work measured the physicochemical properties of soil
samples collected from the four layers (red clay layer, sandy
soil layer, detrital layer, and gravel pebble remnant layer)
of a collapsing wall soil. The strength characteristics of the
different layers of soil under different water contents were
measured by a shear meter, and the physicochemical factors
closely related to soil strength were determined through
correlation analysis. The results were used to explore the
disintegration characteristics and impact factors of the
collapsing wall soils and thus validate the collapsing and
erosion mechanism in the region. Such validations are of
considerable scientific importance in understanding the
laws of collapse development and for proposing means of
governance.

2. Materials and methods
2.1. Overview of study area

This study area is located in the town of Maxu, Deqing
County, Guangdong Province. Deqing County (111°31’-
112°15’E; 23°04’-23°30'N) is located in western Guangdong
Province, on the northern shores of the Xijiang (West) River.
Deging County is located to the South of the Tropic of Cancer
and has a subtropical monsoon climate, with an annual aver-
age rainfall of 1,516.5 mm, an annual average temperature
of 21.5°C, and an annual average sunlight period of 1,848 h.
The rocks examined in the study are biotite granite porphyry
of the Yanshan Period with a weathering crust thickness
of 30-60 m. Samples were collected in an active Benggang
erosion area, which constituted one of the 39 total Benggang
erosion areas in the region.

2.2. Stratification and sampling test

In the deepwater and soil conservation monitoring
station of Maxu, Deqing, the author investigated the crush-
ing degree of rock minerals and the generation of decom-
posed leaching and new minerals and then divided the
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comprehensive profile of the weathered crust according to the
characteristics of physicochemical weathering and the previ-
ous work. The granite weathering crust at the collapsing wall
sampling point was divided into five levels: red clay layer (full
weathered zone), sandy soil layer (strong weathered zone),
detrital layer (weak weathered zone), gravel brecciated resid-
ual layer (weak weathered zone), and bedrock. From August
15, 2017, to August 18, 2017, scattered and undisturbed soil
samples were obtained from the first four levels. A straight
shearing cutting ring (#61.8 x 20 mm) was used to acquire
the undisturbed soil to investigate the effect of moisture con-
tent on the soil strength characteristics. Five levels of water
change were designed, and 5 x 4 = 20 cutting ring test pieces
were used for each layer of soil. (Sampling was conducted
four times. One set of samples was used for bulk density and
natural water content analysis, and the three remaining sam-
ples were for three runs of shear strength tests.) Four collaps-
ing wall soil layers were collected (20 x 4 = 80 undisturbed
soil samples). Each sample was numbered, wrapped in plas-
tic wrap, and then placed in a crisper. Meanwhile, approx-
imately 1 kg of bulk soil was obtained for physicochemical
analysis. The shearing cutting ring soil samples were imme-
diately returned and used to process the changes in soil water
content in the five groups. The soil samples in Groups 1 and
2 were air-dried for 72 and 48 h, respectively, before the start
of the experiment. The soil samples in Group 3 were directly
measured after they were soaked in a container for 24 h. The
soil samples in Group 4 were immersed in deionized water for
5 s. The surfaces of the soil samples in Group 5 were sprayed
with watering cans until the water no longer infiltrated. A ZJ-4
strain-controlled direct shear meter manufactured by Hebei
Hongyu Instrument Equipment Co. Ltd., (China) was used to
measure the internal friction angle ¢ and the cohesion force
c. The shearing cutting ring soil samples were divided into
three groups for repetition, and the measured results were
averaged.

2.3. Measurement method of the physicochemical properties
of collapsing wall soils

In the soil particle analysis, the soil particles with a
particle diameter > 2 mm were examined using the sieve
analysis method, whereas soil particles with a particle
diameter < 2 mm were observed by utilizing an American
Microtrac S3500 (In Foshan University) series laser particle
size analyzer. Soil moisture, the dry density of soil particles,
soil porosity, the soil clay elements of SiO,, AL,O,, Fe,O,, TiO,,
Ca0O, MgO, K,0, Na,O, soil pH, soil organic matter, cation
exchange capacity, exchangeable calcium, free iron oxide,
and alumina free exchangeable sodium were tested accord-
ing to the Specifications and Methods of Soil Laboratory
Analysis Project (soil classification systems research group,
Nanjing Institute of Soil Science, Chinese Academy of
Sciences, In Foshan University, 1991) and the Analysis of soil
physicochemical properties (Nanjing Institute of Soil Science,
Chinese Academy of Sciences, In Foshan University, 1978).

2.4. Correlation analysis

Correlation analysis refers to the analysis of two or
more relevant variable elements to measure their relative

closeness. The correlation between two variables can be
measured by using many statistical values, and the most
commonly used value is the Pearson correlation coefficient.
The calculation formula is:

1 &fX-x)v-Y
SErees

where R is the Pearson correlation coefficient; n is the num-
ber of samples; X, and Y, are the values of X and Y, respec-
tively, for the ith sample; X and Y are the sample mean
values of X and Y, respectively; S, represents the sample
standard deviations of X; and S, represents the sample stan-
dard deviations of Y. To investigate which physicochemical
property had the greatest impact on the collapsing wall soil
in its natural state, the study adopted the physicochemi-
cal properties of the four layers of the collapsing wall: soil
(X), the shear strength index (Y), the internal friction angle
¢, and cohesion ¢ under the conditions of the natural water
content and the calculated Pearson correlation coefficients
in Excel 2003. Each physicochemical property and shear
strength index (internal friction angle ¢ and cohesion c)
had three repetitions. In this study, n = 12 when P = 0.01
and R = 0.66. A significance correlation test was performed
to identify the physicochemical factors that had significant
correlations with the shear strength index (internal friction
angle ¢ and cohesion c).

3. Research results
3.1. Physicochemical properties of collapsing wall soils
3.1.1. Physical properties of the collapsed wall

Table 1 shows the granularity characteristics of the col-
lapsed wall. The composition of the soil particles at all levels
within the vertical section varies significantly. All fine-
grained materials, such as silt and clay particles, reinforce
the debris layer of the weathering crust (weakly weathered
zone), which has a proportion of more than 50%. However,
the amount of silt and clay particles gradually reduce from
the surface of the red soil layer (fully weathered zone) to
the underlying gravel and gravel brecciated residual layer
(weakly weathered zone). The clay particle content decreases
faster than silt. The amount of clay particles at the bottom
of the gravel brecciated residual layer (weakly weathered
zone) layer is only 3.58%, which is approximately 1/5 of the
content of red soil. Sand content increased gradually, which
comprised more than 50% of the bottom gravel brecciated
residual (weakly weathered zone) layer. The changes in grain
size indicate a gradual weakening of the weathering degree
from the surface layer to the bottom layer.

The natural water content, soil-saturated water con-
tent, total porosity, and soil grain of the dry density of the
collapsed wall are important indexes of soil structure and
condition, as indicated in Table 1. Natural water content
increases with depth. Saturated water content increased to
a certain value and then decreased in the gravel brecciated
residual layer (weakly weathered zone). The total porosity
of the collapsed wall increased with depth. The density of
soil particles was negatively correlated with depth.
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Table 1
Physical properties of the collapsed wall

Physical properties/layer Red Sandy Debris Gravel brecciated
soil layer soil layer layer residual layer

Sand grains (2-0.02 mm, %) 29.39 32.45 45.98 52.36

Silt particles (0.02—-0.002 mm, %) 53.52 51.74 46.59 44.06

Clay particles (<0.002 mm, %) 17.09 15.81 7.43 3.58

Natural water content (%) 9.93 12.43 19.72 21.56

Saturated water content (%) 33.47 33.11 3491 27.86

Dry density of soil particles (g cm™) 1.41 142 1.39 1.34

Porosity (%) 47.19 47.01 48.52 50.74

Proportion of soil particles (g cm=) 2.67 2.68 2.70 2.72

3.1.2. Chemical properties of the collapsed wall

Table 2 shows that the weathering degree of the crust
gradually intensifies from the bedrock to the surface. The
iron oxide, alumina, and titanium oxide accumulate on
the surface. The amount of these materials increases with
depth. Thus, the amount of Fe,O, and Al,O, also rises, and
their contents are several times higher than those at the bot-
tom. Thus, the red soil zone is rich in iron and aluminum.
However, silicon oxide, calcium oxide, magnesium oxide,
potassium oxide, and sodium oxide leach; leaching inten-
sified farther away from the surface. Significant amounts of
Si0,, CaO, MgO, KO, and Na,O were leached. The underly-
ing contents of those materials are substantially higher than
those on the surface of the red soil.

Soil pH indicates its acid and alkaline levels. Based on
the vertical changes of the soil profile of the collapsed wall,
acidity negatively correlates with depth. The vertical differ-
ences in soil pH values are associated with a high amount
of aluminum; H*, which increases soil acidity, and AI** exist

Table 2
Chemical properties of the collapsed wall

within the wall’s soil. The degree of desilicification and alliti-
zation in the surface soil is high. AI* increases soil acidity,
and thus, the surface of the red soil has the highest acidity.

The amount of organic matter and cation-exchange
capacity are important chemical properties of soils. The cat-
ion-exchange capacity initially decreases but subsequently
increases as organic matter increases. The cation-exchange
capacity is closely correlated with soil particle composi-
tion, the secondary clay mineral type, and organic matter.
The cation-exchange capacity is generally high when clay
minerals are abundant. The cation-exchange capacity in the
lower part of the collapsed wall may be correlated with the
high proportion of SiO,/R,O, in the soil clay minerals there.
The vertical changes in organic matter are negatively cor-
related with soil depth because the amount of animal and
plant residues is limited at greater depths.

During the transition of the granitic weathering crust
of the collapsed wall from the red soil to the parent mate-
rial layer of the soil, the distribution of exchangeable cal-
cium first decreases, and then subsequently increases.

Chemical properties/layer Red Sandy Debris Gravel brecciated
soil layer soil layer layer residual layer

SiO, (g kg™) 512.6 625.7 674.6 711.1

ALQO, (gkg™) 278.7 227.4 155.1 134.3

Fe,0, (g kg™) 57.1 44.9 23.4 18.9

TiO, (g kg™) 8.1 6.6 5.6 48

CaO (g kg™) 19 22 5.5 5.8

MgO (g kg™) 0.7 0.3 4.8 6.4

KO (gkg™ 2.8 2.5 31.9 37.5

Na,O (gkg™) 7.6 47 9.8 12.8

pH 4.36 4.45 491 5.22

Organic matter (g kg™) 4.98 3.88 0.65 0.54

Cation exchange capacity (mg kg™) 6.86 5.27 7.17 7.65

Exchangeable calcium (mg kg™) 111 1.20 1.49 1.32

Exchangeable sodium (mg kg™) 1.20 1.46 1.81 1.95

Free iron oxide (g kg™) 1.32 1.27 1.18 0.91

Free alumina (g kg™) 0.43 0.41 0.39 0.29
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The amount of exchangeable sodium positively correlates
with soil depth. Sodium is a strong cation and exhibits
high chemical activity. In the hilly red soil region of South
China, long-term desilicification and allitization on the
surface soil cause alkali metals, such as Na and K, to leach
and move. Leaching and movement intensify near the sur-
face. However, Na +, which is found in the deep soil, has a
strong ability to disperse soil. Free iron oxide and aluminum
are important indexes of the degree of rock weathering.
A small amount of free iron oxide and aluminum indicates
a lower degree of weathering.

3.2. Change the law of the shear strength index for different soil
layers of the collapsing wall

As shown in Fig. 2, a common feature of all soil layers is
that the cohesion c index increases first and then decreases
with an increase in moisture content, thereby reaching
the maximum with the natural water content at approxi-
mately 26%. Cohesion c reaches the maximum when the soil

moisture is saturated. After saturation, the cohesion ¢ of all
soil layers is at the same level. The cohesion ¢ of each soil
layer generally changes substantially under different mois-
ture contents. The cohesion ¢ of the red soil layer decays the
most, followed by the sandy layer, and then by the debris
and gravel breccia residual layers. After the natural water
content wetting process, the change range of the cohesion ¢
index decreases with soil moisture. According to Fig. 3, the
friction angle ¢ in each soil layer shows an attenuation law
with increasing water content. As shown in Table 3, for the
different soil layers of the collapsing wall, the cohesion ¢ and
the internal friction angle ¢ of each soil layer under differ-
ent water content conditions are ranked as follows: laterite
layer > sandy layer > debris layer > gravel breccia residual
layer. The mean value of the shear strength index of the red
soil layer is the largest, and it decreases in the subsequent
soil layers. The overall trend of the shear strength change of
each soil layer in this study is similar to the results of Zhang
et al. [13] regarding the soil shear strength in the Benggang
eroded areas in Hubei Province.
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Fig. 2. Variation law of soil cohesion ¢ under different soil moisture contents.
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Fig. 3. Variation law of soil internal friction angle ¢ under different soil moisture contents.
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3.3. Analysis of attenuation characteristics of the soil shear
strength index under different soil moisture contents

As illustrated in Fig. 4, the cohesion c of the collapsing
wall soil sample in the study area shows a “peak value”
at a moisture content of approximately 26%. Before the
peak value, cohesion c positively correlates with the mois-
ture content. After the peak value, cohesion c is extremely

Table 3
Mean cohesion ¢ and internal friction angle ¢ of each soil layer

Layer Cohesion Internal friction
¢ (kPa) angle ¢ (°)

Drying Levels 77.788 25.58

Sandy soil layer 68.546 38.76

Debris layer 61.744 38.00

Gravel breccia residual layers ~ 52.176 32.84

negatively correlated with moisture content. This pattern
contradicts those of general cohesive soils, whose cohesion
c is approximately linearly reduced with a moisture con-
tent increase [13]. The trend line simulation indicates that
the cohesion ¢ and the moisture content of the soil show a
pentanomial curve. The correlation coefficient R* between
cohesion ¢ and the soil moisture content is 0.9397, which
is strong for anisotropic undisturbed soil. According to
Fig. 5, the internal friction angle ¢ shows a negative correla-
tion with water content. The trend line simulation reveals
that the friction angle ¢ and the moisture content of the soil
show a pentanomial curve [15-18]. The correlation coeffi-
cient R? between the friction angle ¢ and soil moisture con-
tent is 0.7656 and has a good fitting degree. Combined with
the moisture content of different treatments, the coefficient
shows that the main factor index affecting shear strength is
significantly different in the air-drying and the humidify-
ing stages. Therefore, the shear strength of soil can be pre-
dicted based on soil moisture content to provide a scientific
basis for the assessment of Benggang erosion stability.
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Fig. 4. Relationship between soil moisture content and cohesion c.
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3.4. Factors affecting shear strength characteristics of collapsing
wall soils

The soil shear strength index under natural water
content (cohesion ¢ and inner friction angle ¢) and physi-
cochemical properties were used for a correlation analysis
following Formula 1 in Excel 2003. The Pearson correla-
tion coefficient was calculated, and significant correlation
tests were conducted with n =12, p=0.01, and R = 0.66. The
results are shown in Table 4. Most of the physicochemical
properties of the collapsing wall soil have a significant cor-
relation with shear strength. Only four factors (exchange-
able calcium, saturated moisture content, the proportion
of soil particles, and dry density of soil particles) are not
correlated significantly to the shear resistance index.
The factors that are positively correlated with the shear
strength index are ranked as follows according to the cor-
relation coefficient size: Clay particles, TiOZ, Fe,O,, AlZOS’
Silt particles, SiO,, organic matter, free iron oxide, and
free aluminas. The factors that are negatively correlated to
the shear strength index are ranked as follows according
to the correlation coefficient size: sand content, MgO, nat-
ural water content, K,O, CaO, exchangeable sodium, pH,
Na,O, Porosity, and cation exchange capacity. The correla-
tion coefficients show that the shear strength index, soil
particle content, Fe,O,, and natural water content have a

273
close relationship with the chemical composition of the clay

Table 4
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minerals. In the future, how these factors affect the shear
strength characteristics of soils should be studied further.

4. Conclusions

¢ The physicochemical properties of the four layers of the
collapsing wall soil (red clay, sandy, detrital, and gravel
breccia residual layers) are significantly different, and the
change in physicochemical properties is regular with the
degree of weathering. The deep granite weathering shell
is the material basis for the wall’s collapse. The phys-
icochemical properties of the four levels of the collaps-
ing wall soil are the important factors determining the
difference in shear strength at various levels.

* The relationship between the shear strength of each
layer of the collapsing wall and the water in the vertical
section of the collapsed soil shows that as the soil mois-
ture content increases, the cohesion c¢ of each soil layer
increases first and then decreases. The internal friction
angle ¢ of the four soil layers is negatively correlated
with water content. For the different collapsing wall
soil layers under different water content conditions,
the average value of cohesion c and the internal friction
angle ¢ of the shear strength index of each layer is in the
following order: red clay layer > sandy soil layer > detrital
layer > gravel pebble residual layer. For the red clay

Correlation analysis of the physicochemical properties of shear strength characteristics

Physicochemical properties/
shear strength characteristics

Correlation coefficient
R of cohesion ¢

Correlation coefficient R
of inner friction angle ¢

SiO, (g kg™) 0.87
ALO, (g kg™ 0.88
Fe, O, (g kg™) 0.89
TiO, (g kg™) 0.90
CaO (gkg™) -0.98
MgO (g kg™) -1.00
K0 (gkg™) -1

Na,O (g kg™) -0.85
pH -0.92
Organic matter (g kg™) 0.80
Cation exchange capacity (mg kg™) -0.68
Exchangeable calcium (mg kg™) -0.54
Exchangeable sodium (mg kg™) -0.93
Free iron oxide (g kg™) 0.80
Free alumina (g kg™) 0.64
Sand grains (2-0.02 mm, %) -1.00
Silt particles (0.02-0.002 mm, %) 0.88
Clay particles (<0.002 mm, %) 0.95
Natural water content (%) -0.98
Saturated water content (%) 0.49
Dry density of soil particles (g cm™) 0.55
Porosity (%) -0.74
Proportion of soil particles (g cm™) -0.39

0.89
0.92
0.94
0.90
-0.98
-1.00
-0.99
-0.87
-0.91
0.79
-0.69
-0.55
-0.95
0.77
0.57
-1.00
0.88
0.93
-0.96
0.47
0.53
-0.72
-0.37
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layer, which has a high clay content, the shear strength
is high within a certain range as water content increases.
This characteristic explains why the collapsing wall does
not collapse easily under strong short and light rainfall
intensities, under which conditions the water content of
the collapsing wall soil, especially the red clay layer in
its upper part, does not quickly degrade the threshold
of cohesion. Consequently, the soil is strong and does
not easily collapse. However, under continuous rainfall
conditions, the water content of the soil also continues
to increase. Once the water content reaches approxi-
mately 26%, the cohesion of the soil decreases sharply.
The internal friction angle also decreases, thus resulting
in a reduction of soil shear strength and subsequent wall
collapse. For the sandy, detrital, and gravel breccia resid-
ual layers, the cohesion is low and mainly relies on the
internal friction angle to resist external forces. The shear
strength is low due to the lack of cement between the
soil particles. Therefore, once the landform’s erosion cuts
into its sandy, debris, and gravel breccia residual layers,
the developing rate of the erosion is greatly increased,
thereby intrinsically causing the collapse of the landform.

® Most of the physicochemical properties of the collapsing
wall’s soil have a significant correlation with the shear
strength index. The factors that are positively correlated
with the shear strength index are ranked as follows
according to the correlation coefficient size: Clay parti-
cles, TiOZV Fe,O, AIZOSV silt particles, SiO,, organic mat-
ter, free iron oxide, and free aluminas. The factors that
are negatively correlated to the shear strength index are
ranked as follows according to the correlation coefficient
size: sand content, MgO, natural water content, KZO,
Ca0, exchangeable sodium, pH, Na,O, porosity, and the
cation exchange capacity. The correlations between shear
strength and exchangeable calcium, saturated moisture
content, the proportion of soil particles, and dry density
of soil particles are the only ones that are not significant.
The sizes of the correlation coefficient show that the
shear strength index is closely related to the soil struc-
ture factor and the chemical content of clay minerals.
In future research, the content and morphology of sec-
ondary clay minerals should be tested further to analyze
how dispersive sodium and cemented calcium and clay
minerals affect shear strength.

5. Discussion

The physicochemical properties of the collapsing wall
soil and the shear strength test show that the soil in the
lower part of the collapsing wall (detrital and gravel breccia
residual layers) is not completely broken due to the weath-
ering of quartz, feldspar, and other minerals. The particles
are remarkably coarse and lack organic matter, the free
iron oxide and aluminum contents are low, and a lack of
cement material is observed between the soil particles.
Consequently, the soil below the collapsing wall is loose,
easily disintegrates in water, and has a low soil strength.
Combined with our previous study, this work reveals that
the upper part of the collapsing wall soil (red clay and sandy
layers) is more prone to crack than the lower part and that
the development of crack is more substantial than that in

the lower soil (detrital and gravel breccia residual layers).
Therefore, when rainfall occurs, rainwater penetrates the
lower soil easily through cracks. During and after rainfall,
the infiltration of water and the water flow along the erosion
wall caused the exposed wall soil layers to swell and disinte-
grate, and the soil strength was low. At this time, the bottom
gravel breccia residual layer is the most likely to disintegrate
and be transported by the water flow, thereby leaving the
overlying red clay layer and sandy soil suspended and thus
contributing to the wall’s collapse. This finding also verifies
the phenomenon observed in the field from one side. In other
words, once the red clay layer, which has a small thickness,
is destroyed and eroded by runoff, the wall’s collapse will
be difficult to control, and the collapse speed will increase
by multiples. Therefore, in the process of Benggang erosion
management, special attention should be paid to protecting
the laterite layers from destruction. In the lower part of the
collapsing wall soil (debris and gravel breccia residual lay-
ers), the shear strength is low, the soil is easily disintegrated
by water, and the void surface of the soil on the upper part of
the collapsing wall becomes suspended. In the lower part of
the collapsing wall, the soil shear strength is reduced due to
the rainfall, and the collapse and digging — result from the
water mean — suspended soil is formed — collapse — con-
tinued deep digging. This cycle continues, and the collapse
continues to occur until the heads of all directions approach
or reaches the watershed, the edge of the collapsing land and
the collapsing pile form a stable gradient, and the bottom of
the channel forms a balanced profile. Therefore, the effect of
the physicochemical properties of the collapsing wall soil on
disintegration, infiltration, and soil strength must be stud-
ied to provide a scientific basis for further elucidating the
causes of collapse and erosion, thereby further enriching the
theories of collapse and erosion and allowing for the adop-
tion of effective prevention and control measures.
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