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Debris flow is a commongeological disaster inmountainous areas, which occurs
frequently in the rainy season and has strongmobility and destructiveness, often
bringing serious loss of life and property. Previous studies have focusedmore on
single outbreaks of debris flow disasters, and less onmultiple outbreaks of debris
flow disasters in the same gully during the rainy season, which makes it more
difficult to carry out prevention and control work for similar disasters. Because
the occurrence of the disaster has its corresponding geomechanical model as
the basis, which provides the necessary scientific basis for the prevention and
control of the disaster. Through data collection, field investigation, drone aerial
photography, modelling and rainfall data analysis, the geological environment
of Yizhong River Basin and the frequent occurrence mechanism of debris
flow disasters were investigated, and a conjugate shear-type disaster-inducing
geomechanical model was proposed. With the help of RAMMS numerical
simulation software, the dynamic mechanism of the disaster threatening the life
and property safety of the residents in Deqin County was analysed to provide
the necessary scientific basis for the prevention and control of the Yizhong River
debris flow disaster. Base on the characteristics of the geological environment in
alpine and gorge areas, the necessity and advantage of applying the nap-of-the-
object photogrammetry technology to engineering geological survey in alpine
and gorge areas are put forward.

KEYWORDS

debris flow, frequent occurrence mechanism, geomechanical model, dynamical
mechanism, photogrammetry

Introduction

Debris flow disaster is one of the common geological disasters in mountainous
areas, which is hidden and sudden, often bringing serious casualties and property losses
(Hu et al., 2012; Yin et al., 2016). In the past, the research on debris flow disasters has paid
more attention to the mechanism and dynamics of the single occurrence of debris flow
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disasters, and has obtained abundant research results (Iverson et al.,
2011; Yin et al., 2016; Pudasaini and Fischer, 2020), but there are
fewer studies on the mechanism of multiple outbreaks of debris
flow disasters in the same debris flow gully during the rainy season,
which makes it more difficult to carry out the prevention and
control work of similar disasters. Because the disaster occurs on
the basis of its corresponding geomechanical model of pregnant
disaster, and different geomechanical model of pregnant disaster
will determine the characteristics of the disaster and the internal
mechanism (Yin et al., 2023), which provides the necessary scientific
basis for the prevention and control of the disaster.

With the development of information technology, several
numerical simulation packages have been used in order to better
understand and predict the mobility of such geological hazards,
including: dynamic analysis of landslides/dynamic analysis of
landslide motion in three dimensions (DAN-W/DAN3D), landslide
simulation (LS)-RAPID, smoothed particle hydrodynamics (SPH),
and others (Hungr, 1995; Davies and McSaveney, 1999; Hungr
and Evans, 2004; Hungr, 2008; Sassa et al., 2010; Xu et al., 2010;
Zhang et al., 2010; Xing et al., 2015). The Rapid Mass Motion
Simulation (RAMMS) software can simulate the motion evolution
of debris flows and mudslides, and the trajectory of rockfalls
and avalanches under complex terrain conditions, and accurately
predict the jumping distance, flow velocity, and impact force
of the objects’ motions, which is widely used for analysing the
dynamics of the processes of geohazards such as debris flows,
avalanches, and rockfalls in alpine areas (Christen et al., 2010a;
b; Aydin et al., 2014) to carry out disaster dynamics mechanisms
or disaster risk studies, among others. The software uses the
Voellmy-Salm (VS) model to simulate the disaster dynamics
process, which has been widely used in recent disaster case studies

(Mahboob et al., 2015; Gan and Zhang, 2019; Singh et al., 2020;
Zhang et al., 2022; Zhuang et al., 2023). RAMMS has an advanced
three-dimensional (3D) visualisation interface that allows the results
to be combined with digital elevation models, aerial imagery and
topographic maps.

In this study, the geological environment, geomechanical model,
frequency mechanism, dynamical mechanism and development
trend of the Yizhong River debris flow disaster were analysed
through data collection, field investigation, borehole survey,
unmanned aerial vehicle (UAV) aerial photography and modelling,
rainfall data analysis and RAMMS simulation. A conjugate shear-
type geomechanical model is proposed for analysing the frequent
occurrence mechanism of the disaster. According to the RAMMS
simulation results, the debris flow power decreases rapidly when
it reaches the G214 national highway, so the threat of the disaster
mainly lies in the blockage of the confluence of the Yizhong River
and the Zhiqu River, as well as the damage to the surrounding
infrastructures after the overflow. In order to make up for the
shortage of manual survey, it is proposed that the technology of
the nap-of-the-object photogrammetry should be applied to the
engineering geological survey in alpine and gorge areas.

Geological environment

Geological tectonic background

Deqin County is located at the top of the lower arc in the
middle section of the Hengduan Mountains in the southeastern
Qinghai-Tibet Plateau (Figure 1). The tectonic area belongs to
the middle section of the Changdu-Lanping-Simao fold system,

FIGURE 1
Schematic diagram of the geographical location of Deqin County.

Frontiers in Earth Science 02 frontiersin.org

https://doi.org/10.3389/feart.2024.1418763
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Wang et al. 10.3389/feart.2024.1418763

FIGURE 2
Tectonic map. (A) regional geological tectonic background of Deqin County; (B) geological tectonic background of Deqin County.

sandwiched between the Gangdise-Nyainqentanglha fold system
and the Songpan-Ganzi fold system, near the contact zone between
the Deqin fault block and the Xueyunshan fault block. In general,
the fault block uplift is the main movement, and the fault structure
occupies a controlling position. The tectonic line is nearly north-
south, and the secondary tectonic is nearly east-west, forming a
lattice structure (Figure 2A).

The Yizhonghe-Buyanlazha Niuchang fault (F3), the Deqin-
Zhongdian fault zone (F1), and the Deqin-Wunongding fault
(F2) passes through the upper, middle and lower reaches of the
Yizhong River respectively (Figure 2B). Among them, the Deqin-
Zhongdian fault zone has experienced many moderate earthquakes
ofmagnitude 5.9 in 2013 (Yang et al., 2015;Wu et al., 2019). Affected
by fault zones and faults in the Yizhong River Basin, structural
joints are developed in the area, with a fracture rate of 1.7%∼15%.
The strike is mainly NNE, and the dip is mainly SSE, followed by
NNW.The dip angle is generally steep, mostly at 50°∼80°.The joints
are generally opened by 1∼5 mm, and there is no filling, and the
rock mass is cut into rectangular or diamond-shaped blocks. The
complex and fragile geological conditions make disasters prone and
frequent (Yin, 2009; Yin et al., 2017; He et al., 2023), forming the
unique disaster-bearing environment of Yizhong River.

Stratigraphic lithology

The exposed strata in the study area includes the Mesozoic
Middle Triassic Shanglan Formation (T2s) and the Upper Triassic
Pantiange Formation (T2p) strata, and glacial layers (Qp

gl) are
common along the slope area on the right side of the channel.

There are sporadic residual slope accumulations in the gentle slopes
of the ridges on both sides of the bank. There are debris flow
accumulations (Qh

sef) near the intersection of Yizhong River and
Zhiqu River. The specific conditions and descriptions are shown
in Figure 3.

Terrain

The debris flow of the Yizhong River is in the source area
at an altitude of 3,900 m∼4,250 m, with a treacherous terrain and
an average longitudinal slope drop of 914‰ and a local upright
shape. At an altitude of 3,300 m∼3,900 m, it is the circulation area,
where there is a large amount of loose accumulation on both
sides of the channel to supplement the material source when the
debris flow occurs, with an average longitudinal slope drop of
578‰. Elevation 3,030 m∼3,300 m is the accumulation area, with
an average longitudinal slope drop of 293‰ (Figure 4).

Due to the complexity of the debris flow gullies in the source area
and the difficulty of carrying out surveys by conventional methods,
surveys were carried out using rope bridge techniques (Figure 5A).
The survey results show that the bedrock is controlled by two groups
of joint planes and stratification planes, the plane occurrence is
99°∠55°, and the two groups of joints are 231°∠54° and 324°∠75°,
respectively (Figures 5B, C). On average, there are 8-9 joint planes
per meter (Figure 5D). According to Eq 1 and Table 1, it can be
judged that the integrity of the rock mass is broken. The reason
why the rock mass is in a stable state is that the bedding plane of
the bedrock in the source area is in a counter-tilt state, and the
lower bedrock supports the upper broken rock mass. However, due
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FIGURE 3
Distribution of stratigraphic lithology of the Yizhong River.

FIGURE 4
Section of the Yizhong river.

to the severe weathering of the surface layer, blocks collapse and
accumulate frequently in the valley, blocking the valley (Figure 5E),
forming the source of some of the coarse particles of debris flow in
the rainy season (Chen et al., 2009; Cui et al., 2011; Hu et al., 2014).

The northern bedrock surface is covered by a densemoraine deposit,
with average thickness of 7.5 m and an area of 4×104 m2, The
potential source of debris flow is 3×105 m3 (Figures 6A, B). During
the retrogressive erosion of the northern gully, a large number of
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FIGURE 5
Survey of exposed bedrock in the source area. (A) Schematic diagram of rope bridge conveyance survey; (B) bedrock and slope attitude; (C) joint
attitude; (D) exposed fractured rock mass; (E) slope failure material accumulation in gully.

moraines constantly collapse or slide into the gully under the action
of rainfall (Takahashi, 1981; Iverson et al., 1997; Zhou et al., 2013;
Ye et al., 2024), forming rainfall landslides (Qiu et al., 2024), which
are further converted into debris flows during movement, further

contributing to the formation and expansion of debris flow gullies
(Figure 6C).

JV = S1 + S2 + ......Sn + Sk (1)
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TABLE 1 Comparison of Jv and Kv, and rock integrity.

Jv (stripes/m3) <3 3∼10 10∼20 20∼35 >35

Kv >0.75 0.75∼0.55 0.55∼0.35 0.35∼0.15 <0.15

complete relatively complete relatively broken broken extremely broken

Where Kv is rock integrity index.

FIGURE 6
Moraine deposits in the northern part of the source area. (A) Schematic diagram of the location of moraine deposits in the northern part of the source
area; (B) Schematic diagram of moraine deposits and their hazard to urban areas; (C) Rainfall-induced destabilisation of moraine deposits.

Where Jv is the number of rockmass volume joints (stripes/m3);
Sn is the number of joints in thenth grouppermeter long survey line;
Sk is the number of ungrouped joints per cubic meter of rock mass.

The trench in the circulation area is “V” and deep “V” shaped,
with a narrow and straight bed, steep valley slopes, 30°–70° slopes
on both sides, locally nearly upright, and mostly exposed rock
faces. The width of the bottom of the ditch is 1.0–2.5 m, and the
slump and gullies is developed. Because of the large longitudinal
slope, the debris flow has a strong downward erosion ability, and
the groove bed is undercut obviously. The continuous downward

erosion reduces the stability of the slopes on both banks, and
promotes the slopes on both banks to slide into the channel, forming
a landslide L1 with a volume of 3.21 x 105 m3 (Zhang et al., 2024a;
Zhang et al., 2024b) and an unstable slope Us1 with a volume of 3.5
x 104 m3 (Figure 7), forming a typical debris flow-landslide disaster
chain (Cui and Guo, 2021; Zhao et al., 2021). Due to the previous
geological action, moraine deposits were deposited along the
channel with a thickness of 5–20 m. Whenever a debris flow breaks
out in the upper part, after the high potential energy is converted into
kinetic energy, the loose accumulation mass accumulated on both
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FIGURE 7
Secondary landslide hazards induced by debris flow. (A) Landslide distribution location; (B) ZK-7 drill core.

sides of the gully in the circulation area is scraped, which promotes
the debris flow to be constantly supplemented by the sourcematerial
along the way, forming a volume amplification effect (Berti et al.,
1999; Wang et al., 2003; Godt and Coe, 2007; Li et al., 2019).

Constrained by the terrain, the accumulation area is shaped like
a long tongue. Due to the construction of the drainage channel,
the debris flow directly flows into the Zhiqu River from below the
national highway G214 along the drainage channel (Figure 6B), but
the mouth of the ditch at the intersection with the Zhiqu River is
relatively gentle, which result in the debris flow easily clogging the
ditch mouth and posing a threat to the urban area.

Geomechanical model

The occurrence of disasters has a corresponding disaster-
generating process, which reflects the corresponding geomechanical
model and determines the type, instability mechanism, and motion
characteristics of the disaster (Yin et al., 2023). For example, the
Zengziyan debris flow landslide that occurred in 2004 was a typical
tower-shaped landslide. Under the action of gravity, the lower
rock mass fractured and buckled, causing the overall collapse
and fragmentation of the landslide mass into a debris flow slide
(Feng et al., 2014). The Jiwei mountain landslide occurred in 2009,
the sliding body sliding by the key block blocking, after the key
blocking block by the slide thrust damage, the slide body destabilised
to form a high level of landslide and fall collision disintegration, and
ultimately the formation of debris flow disasters (Gao et al., 2018).
The 2011 landslide at the Areletuobie landfill, the source of which
had a decreasing factor of safety due to the long-term infiltration
of rainfall, ultimately induced a landslide-type debris flow disaster
(Wang et al., 2019). The Xinmo landslide, which occurred in 2017,
is in a strong seismic zone and is a seismically fractured mountain,
and through the comparison of multi-period satellite images, it
was found that cracks were continuously generated and gradually
expanded before the landslide destabilised (Yin et al., 2017). After
reaching the critical state, the local destabilised blocks were the
first to be dislodged, and the subsequent impacts generated a chain

reaction, leading to the initiation of the landslide with a volume
of about 1.8×107 m3, and ultimately the formation of a high-level
avalanche debris flow disaster (Hu et al., 2018). The high level and
long run-out geological hazard at Chamoli, India, in 2021, in which
a wedge-shaped body became unstable and collapsed after crack
development reached a critical value, and broke up and disintegrated
to form a debris flow, which ultimately converted into a debris flow
hazard (Zhang et al., 2022). Each disaster has its own geomechanical
model, which is the basis for identifying the causes of the disaster
and providing scientific prevention and treatment programmes.

After data collection and analysis and site investigation, it was
confirmed that conjugate shear was formed in the source area
of the Yizhong River under the action of internal reverse fault
tectonic movement. The bedrock is structurally fragmented under
conjugate shearing (Young et al., 2000; Payne et al., 2004; Yin and
Taylor, 2011), forming a fractured shear zone (Figure 8A). Under
the erosive action of external rainfall, the rock and soil bodies in
the fracture zone are continuously eroded and form debris flow
hazards (Figure 8B), resulting in the continuous shaping and further
development of debris flow channels (Figure 8C).

Under the coupling of internal and external dynamics, the
geomorphology of the Yizhong River Basin is prompted to evolve,
which is accompanied by the frequent occurrence of debris flow
disasters. Although the Yizhong River basin is rich in the amount of
loose material sources, the area of the basin above national highway
G214 is only 0.52 km2, so the limited amount of single rainfall
catchment and the corresponding limited amount ofmaterial source
initiation are important factors limiting the scale of single outbreaks
of debris flow disasters.

Debris flow in 2021
Rainfall is one of the important factors for inducing debris flow

disasters, such as the Zhouqu debris flow in Gansu Province on
7 August 2010 (Tang et al., 2011; Zhang and Matsushima, 2016),
and the debris flow in Sanxi Village in Dujiangyan on 10 July 2013
(Yin et al., 2016;Gao et al., 2017;Guo et al., 2022). After entering the
rainy season in 2021, under the action of rainfall, multiple debris
flows erupted in the Yizhong River (Table 2). Although the scale of
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FIGURE 8
Schematic diagram of the conjugate shear geomechanical model. (A) Conjugate shear formation by tectonic action; (B) Rainfall contributes to debris
flow hazards; (C) Formation and further development of “Y”-shaped debris flow channels.

each outbreak was different, the debris flows slowed down rapidly
as they moved up the national highway G214, the damage caused to
the national highwayG214 degree of damage is low, so that the threat
posed by the disaster is mainly concentrated in Yizhong River and
the confluence of the Zhiqu River. Therefore, Yizhong River debris
flow in the upper part of the national highway G214 movement of
the dynamics of the mechanism of research, to reveal the movement
mechanism of the disaster and the risk assessment of the disaster is
of great significance.

After the debris flow starts in the source area, it erodes the loose
deposits along theway, and thenflows along the valley to the national
highway G214. Based on the video information recorded on site,
it was estimated that the velocity of debris flow out of the gully
mouthwas about 4.5 m/s, and it decelerates rapidly to less than 1 m/s
on national highway G214, forming a fan-like accumulation and
blocking national highway G214, posing a threat to passing vehicles
and pedestrians.

The debris flow then flows into the lower drainage channel
from the national highway G214 (Figure 9A). As there is a corner
area of the drainage channel under the G214 national highway
that changes sharply from 34.2° to 20.9°, the eroding force of the

debris flow on the corner of the drainage channel is strengthened,
resulting in serious damage to the bottom of the drainage channel
and the concrete floor.The soil at the bottom of the drainage channel
is further eroded, and the erosion continues to trace the source,
which seriously threatens the stability of the foundation of national
highway G214 and the safety of passing vehicles and pedestrians
(Figure 9B). Under the scouring action of multiple debris flows, a
part of the right bank side wall in themiddle of the drainage channel
collapsed, causing the debris flow to overflow, posing a major threat
to road traffic and residential areas below the drainage channel
(Figure 9C). At the intersection of Yizhong River and Zhiqu River,
due to the slow slope, the debris flow in the early stage is accumulated
in the culvert under Kawagebo Avenue, blocking the circulation
channel, causing the debris flow in the later stage to continuously
deposit in the culvert, causing major safety hazards to the pavement
pedestrians, residents and administrative areas (Figure 9D). The
debris flow scale of a single eruption in 2019 is larger than that
in 2021, with volume of approximately 1×104 m3. The debris flow
blocked the culvert and overflowed the channel, which led to the
burial of Kawagebo Avenue, and the debris flow flowed down
Kawagebo for about 2 km. Due to the diversion effect of Kawagebo
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TABLE 2 Statistics of the occurrence of disasters in the rainy season of Yizhong River in Deqin County in 2021.

Serial number Date of disaster Debris flow volume (m3) Disaster losses

1 On June 23 3,800 It stayed in the dam area and did not
cause any loss to the downstream of

national highway G214

2 On July 24 4,000 Blocking culverts and interruption of
national highway G214

3 On July 31 4,400 Blocking culverts and interruption of
national highway G214

4 On August 9 3,700 Blocking culverts

5 On August 15 3,000 Blocking culverts

6 On August 18 6,800 Blockage of culverts and national
highway G214, and disruption of East

Ring Road

7 On August 20 4,200 Blocking culverts and interruption of
national highway G214

8 On August 22 3,550 Blocking culverts and interruption of
national highway G214

Avenue, the debris flow did not cause damage or casualties to the
buildings in the lower reaches of the Deqin County No. OneMiddle
School and the county government, but only damaged the road
facilities and some houses along the road (Figures 9E, F). It can
be seen that when the eruption volume of Yizhong River debris
flow increases to more than 1×104 m3, it will form a huge safety
hazard to the county and urban areas. Especially after the Zhiqu
River is blocked, the secondary dammed lake will burst into flood
disaster (Gallino and Pierson, 1984; Wei et al., 2018; Zhang et al.,
2022), making half of the county in the flooded area. The complex
engineering geological conditions, climate environment, human
economic activities and engineering construction of Deqin County
have caused serious geological hazards in the urban area of the
county, so scientific management of the hazards is a matter of
urgency.

Numerical simulation by RAMMS

RAMMS is a professional dynamic numerical simulation
analysis software for debris avalanches designed by the swiss
federal institute for snow and avalanche research (SLF) of the swiss
federal institute for forest, snow and landscape research (WSL)
(Christen et al., 2010a; Christen et al., 2010b). RAMMS: DEBRIS
FLOWmodule is used for numerical calculations in this study. The
RAMMS debris flowmodel is based on 2D depth-averaged shallow-
water equations for granular flows. The calculation process mainly
includes three steps: basic data input, model parameter setting, and
the output of results. The basic data includes the terrain, the release
zone, and physical and mechanical parameters of the material mass.
The RAMMS runout model parameters mainly include the friction
coefficient and the turbulence coefficient.

Numerical model

RAMMS uses VS model to simulate the dynamic process
of the debris avalanche or debris flow. RAMMS modified the
Voellmy–Salm (VS) model by considering the yield stress, which is
more suitable for ideal plastic material:

S = μΝ+
ργv2

ξ
+ (1− μ)Ν0 − (1− μ)Ν0ε

− Ν
Ν0 (2)

where S is the friction resistance (Pa), ρ is the density (kg/m3),
g is the gravitational acceleration, μ is the friction coefficient, v
is the flow velocity (m/s), ξ is the turbulence coefficient (m/s2),
N is the normal stress (Pa), and N0 is the yield stress (Pa). The
parameter μ dominates the moment when the flow begins to stop,
and ξ dominates the moment when the flow is running quickly.

Recommended parameters

Four parameters need to be input in RAMMS: (i) the digital
terrain model, (ii) release area, (iii) material data, and (iv) friction
coefficients. The digital terrain model in RAMMS was generated
by the nap-of-the-object photogrammetry technology, the grid
resolution in this model was 2 m (Figure 10). The release areas
can be directly delineated in RAMMS according to the results of
field investigations or satellite image interpretation. The debris flow
density was 2000 kg/m3 based on sampling of debris flow deposits.
The calibration of the RAMMSmodel has been carried out through a
back-analysis procedure thatmainly is committed to the two friction
coefficients (μ and ξ), which affect the simulation results. In this
study, μ is 0.2 and ξ is 200 m/s2.
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FIGURE 9
Debris flow outbreak situation. (A) blockage of national highway G214; (B) erosion of the drainage channel; (C) damage to the side walls of the drainage
channel causing debris flow spillage; (D) blockage of the culvert; (E) Debris flow overflowing the culvert; (F) Debris flowing down the Kawagebo avenue.

Analysis of the simulation results

It is difficult to establish amodel considering the artificially built
drainage groove under national highway G214 and underground
pipelines in many places. Moreover, the movement process of debris
flow on the upper part of national highway G214 is the focus of
the dynamic analysis. Therefore, in this paper, a high-precision
3D model of the upper area of national highway G214 (including
national highway G214) was established by using the UAV nap-of-
the-object photogrammetry technology (Figure 10), whichwas used
as the terrain data input by RAMMS simulation software.

Due to the different scales of debris flow in Yizhong River, in
order to analyze the dynamic mechanism of debris flow disasters,

this study takes the simulation results with a volume of 3,000 m3 as
a case for analysis. Figure 11 shows the maximum flow thickness,
velocity and pressure at each location when the debris flow volume
is 3,000 m3. Figure 11A show that the flow thickness of debris flow
has little change in the flow process. Since the a-d section is located
in a narrow valley and the f-h section is located inmultiple retaining
dams, the flow thickness is slightly higher than that of the d-f
section. Figure 11B show that the maximum flow velocity presents
three stages: a-d, d-f and f-h, and the velocity gradually decreases.
It shows that after the debris flow in Yizhong River broke out,
the potential energy quickly changed into kinetic energy, and the
velocity increased rapidly. However, in the subsequent movement
process, although the potential energy continues to be converted
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FIGURE 10
Schematic diagram of high-precision 3D modeling nap-of-the-object photogrammetry.

into kinetic energy, the speed does not continue to increase due to
the restriction of the terrain, but gradually decreases. After reaching
national highway G214 (h point), the overall speed drops to less
than 0.5 m/s. Figure 11C show that the maximum flow pressure
also shows three stages, a-d, d-f and f-h, and gradually decreases.
Among them, themaximumflow pressure in the a-d section reaches
224 kPa, indicating that the downward erosion capacity of debris
flow is strong, which will further aggravate the depth of the valley,
form retrogressive erosion, and reduce the stability of the slopes
on both banks and the bedrock in the source area. At points f
and g, debris flow velocity decreases and flow pressure decreases
rapidly due to terrain levelling and check dams, resulting in reduced
disturbance of landslides L1 and Unstable slopes Us1, making the
slopes relatively stable during small-scale debris flow outbursts.
After reaching the national highway G214 (h point), the pressure of
the debris flow is almost zero (mainly from the gravity of the debris
flow fluid itself), so the destructive force of the debris flow on the
national highway G214 is small, which is consistent with the field
observation results.

In order to study the dynamic mechanism of debris flow
disaster in Yizhong River with the increase of volume, six groups of
simulation tests ranging from 3,000 m3 to 8,000 m3 were conducted
in this study, and the results are shown in Figure 12. As can be seen
from the point line diagram made from the data extracted from
each point, with the increase of volume, the flow thickness, flow
velocity and flow pressure of each point show an increasing trend,
but the increase is not significant. In Figure 12B, in section a to c,
the maximum flow thickness tends to increase, in section c to d, the
maximum flow thickness decreases very rapidly, and in section d to
h, the maximum flow thickness increases slowly and then stabilises.
In Figures 12A–C section, the maximum flow velocity is slowly

decreasing trend, c to e section of themaximumflow velocity change
amplitude is not large, in a stable state, d to h section of themaximum
flow velocity is rapidly reduced, the maximum flow velocity of each
working condition in the point of h (national highway G214) are
reduced to less than 1 m/s. In Figure 12D, the trend of themaximum
flow pressure is the same as that of the maximum flow velocity, and
the pressure decreases to almost zero when reaching the h point for
each working condition.

According to the simulation results, although the volume
increases, the velocity of debris flow in Yizhong River is still slow
when it flows into national highway G214 from the gully mouth,
because the debris flow is limited by the terrain conditions during
its movement. Therefore, combined with the analysis of the disaster
record data, it can be seen that, with the increase in the volume of
debris flow outbreaks, the threat of the Yizhong River debris flow
disaster to the national highwayG214mainly lies in the blockage and
damage to the road.The threat to the county urban area liesmainly in
the fact that, as the volume of debris flow increases, the debris flow
will silt up and block the culvert at the confluence of the Yizhong
River and the Zhiqu River, and at the same time, overflow into the
KawagaboHighway, destroying the surrounding infrastructures and
posing a threat to the No. One Middle School in Deqin County and
the residential areas.

Discussion

The Yizhong River is located in the Lancang River tectonic
denudation alpine valley geomorphology area, with dense active
fractures, broken rock structure, complex and fragile geological
conditions, and three faults directly through theYizhongRiver. After
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FIGURE 11
Results of RAMMS simulation of the 3,000 m³ square volume debris flow. (A) Diagram of maximum flow thickness; (B) Diagram of maximum flow
velocity; (C) Diagram of maximum flow pressure.

on-site investigation, it is determined that the bedrock in the source
area is controlled by bedding planes and two groups of joints. The
bedrock rockmass is cut into rectangular or rhombus-shaped blocks
(conjugate shear), and the bedding plane is inversely inclined, so
that when the whole is relatively stable, the surface weathered blocks
are easy to peel off and accumulate in the valleys of the source area
to form potential provenance. The bedrock on the north is covered
with moraine, and the scale is huge. Under the action of rainfall, the
combination of retrogressive erosion in the northern gullies and the
collapse of blocks to the south becomes the initial source of debris
flow occurrence. Therefore, the same as the single outbreak debris
flow disaster is that the material source initiates the formation of
debris flow under the action of rainfall (Yin et al., 2016; Zhang and

Matsushima, 2016), and the difference is that the geomechanical
model of Yizhong River debris flow gully responds to the process
of continuous evolution of the geomorphology of Yizhong River
debris flow gully under the action of internal and external dynamics
coupling and thus reflects the characteristics of the frequency of the
debris flow disaster in the rainy season.

It can be seen from Figure 13 that although the daily rainfall of
Deqin County in the rainy season in 2021 is less than that in 2019
and 2020, the number of outbreaks increases instead, as well as the
consideration of climate change impacts on permafrost (Pei et al.,
2021; Liu et al., 2024), it indicates that retrogressive erosion in
source area and weathering and denudation of exposed bedrock
are accelerating, thus providing material sources for the formation
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FIGURE 12
Comparison chart of RAMMS simulation results. (A) Schematic diagram of the location of the data extraction points; (B) Comparison of the maximum
flow thickness at each point; (C) Comparison of the maximum flow velocity at each point; (D) Comparison of the maximum flow pressure at the flow
surface at each point.

of debris flow. Therefore, it also provides the possibility of large-
scale debris flow disaster, which is a great threat to the county
town in the downstream. As can be seen from the results of the
dynamic simulation, the main disaster caused by the outbreak of
large-scale debris flow is that it will block the culvert at the lower
part of Kawagebo Avenue, which will further cause damage to
the county city. Therefore, the main problems should be solved
in stages. First of all, the box culvert under Kawagebo Avenue at
the intersection of Yizhong River and Zhiqu River will be deeply
excavated to increase the longitudinal gradient, so as to ensure that
the small-scale debris flow can be smoothly discharged into Zhiqu
River and then discharged through the river. To prevent debris flow
from silting up in the culvert below Kawagebo avenue, which will
causemulti-stage blockage, and then the debris flowoverflow culvert
will pose a threat to the surrounding buildings. The second is to
carry out the source fixation and drainage work in the source area,
so as to control the debris flow disaster in the Yizhong River from
the source. In addition, the emergency evacuation plan of Zhiqu
River blocked by large-scale debris flow must be well prepared.
Adequate prevention and treatment will significantly reduce disaster
risk (He et al., 2024).

Because the debris flow in the Yizhong River is located at a
high altitude and the ditch is deep and wide, the traditional on-
site survey method is difficult to carry out survey work, and the
risk is extremely high (during the survey in the ditch, there are
rockfalls on the steep slope without warning). Therefore, although
the geological disaster of debris flow in the Yizhong River has

already attracted widespread attention (Wang, 2016), due to the
limitation of objective conditions, it has not been able to solve
the detailed survey work and provide accurate geological models
and data. As a result, the root causes of disasters are not clearly
understood and disasters cannot be dealt with from the root. It
is more to adopt middle and lower reaches blocking technology
to passively protect against disasters. This can lead to high long-
term maintenance costs for the project, as well as a lack of a
clear understanding of potential safety hazards, thus lacking the
necessary application of early monitoring and warning techniques,
and plans and measures to respond to emergencies, which is a
fatal hazard for the urban areas of the county downstream of the
Yizhong River.Therefore, solving the problem of detailed geological
exploration in alpine gorge area is an urgent problem that needs to be
broken through. Hence, in alpine gorge areas, the geological survey
work needs to introduce new survey techniques to deal with the
above problems. Therefore, the rope bridge technique is proposed
in this paper to transport the surveyor to the corresponding
predetermined location for the survey, and the nap-of-the-object
photogrammetry is used to establish a refined three-dimensional
model (He, 2019; Liang et al., 2020), which has vector coordinates,
the required geological information can be extracted and analyzed
indoors. The combination of the two can carry out a “point-surface”
combination of disaster points that are difficult to conduct on-
the-spot investigation in the alpine, deep ditch and gorge areas
to carry out regional detailed investigations and collect required
information.
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FIGURE 13
Rainfall data and records of debris flow outbreaks in Deqin County from 2019 to 2021 (Data from china meteorological administration).

Conclusion

In this paper, the geological environment, geomechanical model
and disaster-causing kinetic mechanism of the Yizhong River debris
flow disaster in Deqin County, Yunnan Province, China, were
studied, as well as the combination of point and surface survey
methods based on the topographic and geomorphological features
of the alpine gorge area and the limitations of the on-site survey were
proposed. The main results are as follows:

(a) Under the action of tectonic movement, the source area of
Yizhong River debris flow disaster is subjected to conjugate
shear action, forming a fracture zone, resulting in rock
structure fragmentation, and becoming a source of debris
flow material under the action of retrospective erosion and
weathering and spalling, which provides a basis for the
breeding of the disaster. The northern part of the source area
has accumulated 3×105 m3 of moraine, which is prone to
avalanches and slides to form the source of debris flow under
the induced action of rainfall. Therefore, during the rainy
season, under the action of frequent rainfall (external force),
the loose material is prompted to start and frequent outbreaks
of debris flow disasters. Since the scale of debris flow outbreaks
is limited by the catchment area of the watershed, small
and medium-sized outbreaks are dominant. The conjugate
shear-type geomechanical model is proposed to explain the
mechanism of the frequent occurrence of disasters, and at the
same time, provide a scientific basis for the prevention and
control of disasters.

(b) After the debris flow starts in the source area, the potential
energy is rapidly converted into kinetic energy for downward
movement, but the speed gradually decreases due to the
topographic conditions, and eventually drops below 1 m/s
when it reaches national highway G214, and then flows into
the drainage channel below. Therefore, the threat posed by
the Yizhong River debris flow disaster to urban residents is
mainly concentrated on the confluence of the Yizhong River
and the Zhiqu River. For the management of the disaster, it is
necessary to solve the drainage problem of the confluence in
the short term, and secondly, for the long-term development,

it is necessary to solidify the source of the loose accumulation
and broken rock in the source area, as well as to do the drainage
work. In this way the debris flow hazard of the Yizhong River
can be managed at its root. The corresponding management
ideas can provide reference for similar disaster management.

(c) The complex geological conditions in alpine valley areas make
it difficult to carry out traditional on-site survey work, which
is a major problem in disaster prevention and control work in
alpine valley areas. Through the application of the nap-of-the-
object photogrammetry technology and the creation of high-
precision three-dimensional models, detailed survey work can
be carried out on hazard sites to compensate for the lack of
manual surveys.
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