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Abstract 
In order to study the stability of the typical dangerous rock body and the characteristics 
of collapse and rockfall movement on the Tibetan plateau, the Xuema dangerous rock 
body in Kardze Township, Namcolean County, is taken as the research object. In this 
paper, the stability of the dangerous rock body is analysed and verified by combining 
field site investigation and using the deflating projection method; the numerical 
simulation of the dangerous rock fall is carried out based on Rockfall software, and the 
characteristics of the rock fall movement are systematically analysed, and the trajectory, 
bounce height, movement speed and total kinetic energy of the dangerous rock fall are 
simulated and analysed. The study shows that: the dangerous rock zone is mainly 
controlled by two sets of fissures L1 and L2, together with the rest of the lateral cutting 
fissure structure surface combination, the rock body is prone to slip damage; the 
maximum bounce height of W1 dangerous rock fall is 5.5 m, the maximum movement 
velocity and total kinetic energy are 24.43m/s and 2241619.78J; the maximum bounce 
height of W2 dangerous rock fall is 4.3 m, the maximum movement velocity and total 
kinetic energy are 17.24m/s and 658516.04J. The results of the study can provide some 
reference for the stability and protection of similar rock hazards in the area. 
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1. Introduction 

Nanmulin County is in the middle of the Gangetic Belt, with a large relative fall in terrain, geological 
formations, more complex mass structures and stratigraphic lithology, active neotectonic movements, 
highly variable water and heat conditions, and more developed geological hazards such as debris 
flows, landslides and slides. Among them, the area's dangerous rock body joints are more developed, 
broken severely and the mountain is high and steep, the spalling rock body along the steeply standing 
slope occurred jumping, tumbling or sliding and other movements, with high-speed movement, high 
impact energy, multiple and other characteristics, seriously affecting the safe operation of the 
highway and the safety of local residents' lives. 

There are currently more research results and an increasing variety of research methods for the 
formation mechanism and kinematic simulation of dangerous rock collapse and fall hazards.In 1985, 
Jiang Jiguang [1] used an equatorial projection for stability analysis of jointed rock masses, which 
facilitated mapping and made the analysis of rock mass stability easier;In 1989, Hu Houtian [2] 
systematically discussed the mechanism of rockfall formation based on a large number of examples 
of railway collapse in China, and comprehensively introduced qualitative and quantitative methods 
to calculate the stability of potential collapse bodies;In 2009, Chen Hongkai [3] et al. systematically 
analyzed the stability of dangerous rocks by experimentally formulating the loads acting on dangerous 
rock bodies into three different working conditions according to the frequency of occurrence and 
applying the calculation method of limit equilibrium theory;In 2015, Peng Hongsheng [4] et al. used 
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full spatial deflating projection for slope stability analysis of different blocks of dangerous rocks 
based on field survey data, which made the block theory have good practicality in the case of collapse 
damage, and also made the slope excavation more stable;In 2019, Zhang Gen [5] et al. analyzed the 
stability of dangerous rock masses on hilly terrain slopes using the deflating projection and slope 
stability angle, and used rockfall numerical simulation to study the mechanism of rockfall movement 
for different working conditions and proposed corresponding management measures; Sun Qihao [6] 
et al. used block theory and the discrete element method to analyse the stability and dynamic response 
of the Kanuna critical rock mass under self-weight and seismic conditions, and found that the Kanuna 
critical rock mass is basically stable under self-weight conditions and in a state of instability under 
seismic influence.In 2021, Xia Xianghua [7] and others analysed the basic characteristics of the 
critical rock masses through on-site investigation and rock block test inspection, while using 
qualitative and quantitative analysis to analyse the stability of the whole and single critical rock 
masses in the critical rock belt under different working conditions, and put forward targeted 
management measures. 

The simulation software Rockfall is commonly used by many scholars to numerically simulate the 
parameters and movement patterns that affect rolling rock movement, and is based on a geographic 
information system that combines distributed modelling with the physical rockfall process in three 
dimensions [8].In 2020, He Yuhang [9] et al. used Rockfall software to predict the dangerous rock 
bodies within the hazard range and build a risk evaluation model to quantify them and obtain the risk 
characteristics of the different dangerous rock bodies in the study area;In 2021, Xie Jin [10] et al, 
used Rockfall software to simulate the characteristics of the collapse movement of a dangerous rock 
body and found that the rock fall of the dangerous rock body caused damage to houses and roads in 
the surrounding area. 

In summary, many scholars have used numerical simulation and formula calculation methods to 
analyse the stability of critical rock masses based on geological conditions, but there are fewer studies 
on the stability of critical rock masses in the high-altitude river valley area of Namcolean, Tibet, and 
further analysis and research is needed. Therefore, in this paper, the stability of dangerous rock masses 
is analysed and verified by using the method of deflating projection and combining with field 
investigations. The simulation analysed the rockfall trajectory, bounce height, velocity and total 
kinetic energy, which can provide some reference for the protection of similar dangerous rocks in this 
area. 

2. Engineering Geology Background 

2.1 Topography 

The study area is a tectonic erosion and denudation mountain landscape, and the area where the 
dangerous rock body is located is a tectonic erosion and denudation mountain landscape. The slope 
of the dangerous rock body is in the low mountain-middle mountain area of the river valley, with a 
steep slope, the slope gradient is 30°~45°, locally steeper 65°~80°, nearly upright, and the high steep 
slope provides the potential energy field for the formation of the collapse. Due to the large slope of 
the steep cliff section, the terrain is steep, the potential energy is high, the gravity unloading effect is 
strong, and the slope surface is rough and uneven. The topography is undulating with an elevation of 
about 4025.6m at the top of the collapse hill and about 3924.8m at the residential area of Xue Ma 
village immediately at the foot of the slope, with a relative height difference of 100.8m. 

2.2 Meteorology and Hydrology 

The study area is in the temperate semi-arid climate zone of the inland plateau. In general, the climatic 
characteristics of the area are mainly as follows: cold and dry, windy in summer and spring, thin air 
and long sunshine hours; distinct dry and wet seasons, low annual precipitation, heavy rainfall and 
night rain in summer and autumn, warm and humid, cold and dry in winter and spring, and river 
valley winds prevailing throughout the year. The main watershed within Katz Township is Xiangqu, 
whose water source comes mainly from rainfall and glacial meltwater. 
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2.3 Stratigraphic Lithology 

The strata exposed in Nanmulin County are mainly Pre-Aquatorial, Carboniferous, Permian, 
Cretaceous, Tertiary and Quaternary strata and magmatic rocks, and the strata distributed in the study 
area are mainly Quaternary Holocene residual slope deposits of clastic soils and Yanshan-age 
amphibolites. 

2.4 Geological Structures and Earthquakes 

The study area is located in the eastern part of the Gangetic Mountains, which belongs to the volcanic-
magmatic arc of the Gangetic margin of the southern margin of the Gangetic-Nyingchi Tanggula plate 
in the Indian tectonic domain, and the northern side of the Yarlung Tsangpo Fault, the suture zone 
between the Eurasian and Indian continents. The study area is located in the Himalayan seismic 
activity zone of the Qinghai-Tibet Plateau seismic region, which is characterised by frequent seismic 
activity and destructive earthquakes because of the strong development of neotectonic movements in 
the region.  

2.5 Human Engineering Activities 

According to the site survey, the main human engineering activities in the study area are agricultural 
farming activities, village and town construction and road construction. The construction of roads has 
the greatest impact, and the excavation of roads forms artificial slopes. The slopes have developed 
rock joints and broken rocks, which are prone to collapse under the action of adverse factors such as 
heavy rainfall or earthquakes. 

3. Field Survey Statistics and Analysis of the Equatorial Projection Method  

3.1 Field Survey Statistics 

A comprehensive survey of the collapse of dangerous rock bodies in the whole area of Nanmulin 
County was conducted through field investigation, and 30 unstable dangerous rock collapses were 
collected, and the scale of dangerous rock collapse hazards developed in the study area was 
statistically analysed, as shown in Table 1, and it was found that the scale of collapse hazards 
investigated was mainly small and medium-sized, among which: 23 small collapses were found, 
accounting for 76.67%; 7 medium-sized collapses were found, accounting for a total of 23.33%, and 
no large collapses were seen. In summary, the study area is dominated by small landslides, and large 
landslides are not developed. 

 

Table 1. Table of collapse statistics by volume size 

Size grading Small Medium Large Total 

Number 23 7 0 30 

Percentage of 76.67% 23.33% 0 100.00% 

3.2 Methodological Theory 

The qualitative evaluation is carried out according to the different rock hazard zones. The different 
zones have different proportions and dominant structural faces, and the structure faces are projected 
in the direction of the different proportions. 

3.3 Stability Evaluation of Hazardous Rock Zones 

The structural surfaces of the rock at risk were counted and analysed based on field surveys in the 
study area, and the slope and rock structure deflating projections (see Figure 1) were drawn for 
analysis. 
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Figure 1. Equatorial projection of structural surfaces 

 

L1 inclination intersects with the slope inclination at a small angle, and the dip angle is large, which 
is the back edge fissure of the dangerous rock body; L2 intersects with the slope inclination at a large 
angle, and the dip angle is relatively steep, which is the lateral fissure of the dangerous rock body; 
controlled by the two groups of fissures L1 and L2, plus the fissures L3 and L4 cutting, by the 
combined effect of these three groups of fissures together with the critical surface, the rock body is 
easy to produce slip-type damage outward to the slope. 

Comprehensive analysis of the above fissures and unfavourable combination surfaces shows that the 
rock is mainly controlled by the L1 trailing edge fissures and L2 lateral fissures, together with the 
cutting of the remaining fissures, the rock is susceptible to slip damage. Thus, the analysis of the 
dangerous rock zone is mainly controlled by the L1 and L2 fissures combined with the rest of the 
lateral cutting fissures structural surface, slip-type damage occurs, which is consistent with the field 
field survey results. 

4. Calculated Analysis of Rockfall Movements in Hazardous Rock 

4.1 Rockfall Software Simulates Rockfall Movement Assuming 

When the Rockfall software is used to numerically simulate the trajectory of a falling rock, it does 
not take into account all the factors involved in the movement of the rock, so it has a number of 
settings [11]: ①the shape of the slope on which the rock is moving is set as a bending line; ② the 
rock is assumed to be a sphere with a uniform mass distribution (considered as a mass point) and 
changes in the shape of the rock during the movement are not considered [12]; ③ the rock and the 
slope are considered to be elastic-plastic (isotropic); ④ the rock has integrity of form during the 
collision. 

4.2 Determination of Rockfall Motion Parameters 

The simulation of rockfall movement characteristics using Rockfall software is influenced by the 
volume, density, slope morphology, roughness, friction coefficient, normal recovery coefficient (Rn) 
and tangential recovery coefficient (Rt) of the rockfall, among which the determination of normal 
recovery coefficient (Rn) and tangential recovery coefficient (Rt) is directly influenced by the 
development of slope material and vegetation. In order to reasonably select the restoration coefficient, 
this paper refers to the restoration coefficient taking scheme recommended by the former Transport 
Bureau of the Ministry of Railways to determine the restoration coefficient, as shown in Table 2. 
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Table 2. Normal and tangential recovery coefficients 

Slope features 
Normal recovery 

factor ( Rn) 
Slope features 

Tangential 
recovery factor 

( Rt) 

Smooth and hard surfaces 
and paving surfaces 

0.37~0.42 
Smooth and hard surfaces and 

paving surfaces 
0.87~0.92 

Mostly slopes in bedrock 
and conglomerate areas 

0.33~0.37 
Mostly bedrock or uncovered by 

vegetation Slopes 
0.83~0.87 

Hard soil slopes 0.30~0.33 
Mostly slopes with sparse 

vegetation 
0.82~0.85 

Soft soil slopes 0.28~0.30 
Vegetated slopes and earthen 
slopes with sparse vegetation 

cover 
0.80~ 0.3 

— — 
Soil side slopes covered by 

shrubland 
0.78~0.82 

4.3 Analysis of Calculation Results 

4.3.1 Analysis of the Results of the Movement of the W1 Dangerous Rock Fall 

(1) Analysis of the trajectory of falling rocks 

According to the development of dangerous rocks on site, it is assumed that the dangerous rock fall 
rolls down from the top of the steep slope, and the trajectory of the W1 rock fall (Figure 2) shows 
that the dangerous rock fall bounces 4-5 times along the slope after rolling down, and finally stops at 
the foot of the slope, at an elevation of 610-645 m. In the process of falling, the rock fall first rolls 
almost vertically on the steep slope, and the first bouncing motion occurs at the point of slope change; 
then, it falls to the rock fall buffer area The second bounce occurs on the slope, after which the boulder 
continues to bounce on the slope with a number of smaller bounces, most of which end on the slope; 
finally, a small number of boulders stop at the foot of the slope or on the road, seriously endangering 
the safe operation of the road. 

 

 
Figure 2. W1 rockfall trajectory 
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(2) Bounce height analysis 

The calculated bounce height analysis diagram (as shown in Figure 3) shows that the peak of the 
bounce height of the falling rock occurs at x=-156.82m, and the maximum bounce height of the falling 
rock is 5.5 m. The maximum value of the second bounce motion and the maximum value of the 
second bounce motion are located at x=-135.82m and x=-112.43m respectively, and their bounce 
heights are 2.2m and 2.0m respectively. After the third bounce, the stone rolls down the slope (i.e. 
the bounce height of the stone tends to zero) and continues to bounce at the x=-74.7m drop platform, 
the bounce height of the stone increases again and the maximum height of the bounce is 3.1 m. The 
stone then continues to roll down the slope until it stops. 

 

 
Figure 3. Rockfall Movement Bounce Height Analysis Chart 

 

(3) Analysis of speed of motion and total kinetic energy 

As can be seen from the analytical diagrams of the velocity (shown in Fig. 4) and total kinetic energy 
(shown in Fig. 5) of the W1 rockfall, the rockfall is converted from gravitational potential energy to 
kinetic energy at the starting point of the first bouncing movement (x = -173.67 m), and the velocity 
and total kinetic energy of the movement increase abruptly to 15.63 m/s and 771200.71 J. At the time 
of the collision, the height of the rockfall bouncing At the maximum, part of the kinetic energy is 
converted to gravitational potential energy, and the energy and velocity of motion are reduced sharply 
for a short time, then the gravitational potential energy is converted to kinetic energy again when it 
falls and rolls, and the velocity of motion and total kinetic energy increase gradually again. In the 
process of rolling down the slope, the gravitational potential energy is gradually and completely 
converted into kinetic energy and the capacity lost by the resistance of the slope, when rolling down 
to x=-103.78m, the velocity and total kinetic energy of the falling stone reach the maximum, 24.43m/s 
and 2241619.78J respectively. This is due to the fact that the kinetic energy of the falling rock is 
converted into gravitational potential energy at a height of 3.1 m. The kinetic energy of the falling 
rock is reduced, and the speed of the falling rock decreases significantly at the highest point of its 
height. When sliding on the slope, the velocity and total kinetic energy of the rock fall gradually 
decrease until the rock fall stops. 
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Figure 4. Analytical diagram of the velocity of the falling rock movement 

 

 
Figure 5. Analysis of the total energy of rockfall movement 

4.3.2 Analysis of the results of the W2 dangerous rockfall movement  

(1) Analysis of the trajectory of falling rocks 

The analysis of the trajectory of the W2 rockfall (Figure 6) shows that the rockfall at risk bounces 2 
to 3 times along the slope and finally stops on the platform line at an elevation of 610 to 645 m. 
During its descent, the rockfall first rolls on the steep slope and undergoes a 1st bouncing motion via 
the slope change point; then, it descends to the slope of the rockfall buffer zone and undergoes a 2nd 
bouncing motion; afterwards, the rockfall undergoes another Afterwards, the rockfall undergoes 
another bouncing movement of a smaller magnitude on the slope, before ending up on the slope. 

 



International Core Journal of Engineering Volume 8 Issue 8, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202208_8(8).0014

 

108 

 
Figure 6. W2 rockfall trajectory 

 

(2) Bounce height analysis 

The calculated bounce height analysis (shown in Figure 7) shows that the peak of the bounce height 
occurs at x = -36.0m, with a maximum bounce height of 4.3 m. The second bounce height maximum 
occurs between the first and second bounce points, with a maximum value at x = 47m and a bounce 
height of 2.0 m. The boulder then rolls down the the boulder then rolls down the slope (the bounce 
height tends to zero) until it stops. 

 

 
Figure 7. Rockfall Movement Bounce Height Analysis Chart 

 

(3) Analysis of speed of motion and total kinetic energy 

From the analytical diagram of the velocity (shown in Fig. 8) and total kinetic energy (shown in Fig. 
9) of the motion of the falling rock of the W2 hazard, it can be seen that at the starting point of the 
first bouncing motion (x = -28.95 m), the falling rock is converted from gravitational potential energy 
to kinetic energy, and the velocity and total kinetic energy of the motion increase abruptly, and its 
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velocity and total kinetic energy are 15.63 m/s and 771200.71 J. At the time of collision, the bouncing 
height of the falling rock At the maximum, part of the kinetic energy is converted to gravitational 
potential energy, and the kinetic energy is briefly reduced, and the velocity of the falling stone drops 
significantly at the highest point of its bouncing height. In the process of rolling down the slope, the 
gravitational potential energy is gradually and completely converted into kinetic energy and the 
capacity lost by the slope resistance, and the velocity and total kinetic energy of the falling stone 
reach the maximum value at x=72.37m, 17.24m/s and 658516.04J respectively. 126.64m, its velocity 
and total kinetic energy are zero, indicating that the rockfall stops at this point. 

 

 
Figure 8. Analytical diagram of the velocity of the falling rock movement 

 

 
Figure 9. Analysis of the total energy of rockfall movement 

4.4 Comprehensive Analysis of Two Dangerous Rock Masses 

In this article, the impact of rockfall on the slope after the collapse of W1 and W2 rockfalls is 
considered separately. Through the numerical simulation analysis of Rockfall, it can be judged that 
the range that can be affected by the W1 dangerous rock is close to the road and residential housing, 
so it is necessary to take protective measures such as hanging net slurry spraying and setting up rock 
barrier net for the W1 dangerous rock; the range that can be affected by the W1 dangerous rock is 
above the slope, and there is still a certain distance from the road and residential housing, so it is 
judged that its impact on the road below is smaller. 
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5. Conclusion 

In this paper, the stability of the dangerous rock body is analysed by using the red flat projection 
method with the geological disaster in Nanmulin County as the research object; the characteristics of 
the rock fall movement of the dangerous rock are analysed based on Rockfall numerical simulation. 
The following conclusions were obtained: 

(1) Through the statistical analysis of the survey, it is found that the scale of dangerous rock collapse 
hazards in the study area is mainly small and medium-sized, and large collapses are not developed. 

(2) The stability of the critical rock zone was analysed by means of the red flat projection, and it was 
found that the L1 critical rock body is fissured at the back edge and the L2 critical rock body is 
fissured laterally; the critical rock zone is mainly controlled by two groups of fissures L1 and L2, 
together with the combination of fissures L3 and L4 cutting and the remaining lateral cutting fissures 
structural surface, the rock body is prone to slip-type damage. 

(3) Rockfall software was used to numerically simulate the movement characteristics of W1 and W2 
rockfalls, and it was found that the W1 rockfall bounced 4-5 times along the slope, with a maximum 
bounce height of 5.5 m, maximum velocity and total kinetic energy of 24.43 m/s and 2241619.78 J. 
The W2 rockfall bounced 2-3 times along the slope, with a maximum bounce height of 4.3 m, 
maximum The maximum velocity and total kinetic energy were 17.24m/s and 658516.04J. 
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