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Abstract

This paper focuses on the problem of the 1# and 2# aqueducts in the sliding sec-
tion of the Huaipai Yellow River water diversion project, which were damaged
due to the reactivation of the ancient landslide body. A stability analysis of the
initial state of the slope was conducted. The Midas GTS NX and FLAC3D joint
modeling method was adopted: the geological CAD drawings were sorted out, the
surface and solid models were established through Midas, and after cutting the
sliding body, it was imported into FLAC3D. Based on the Mohr-Coulomb criterion,
boundary constraints and gravity loads were applied for numerical simulation.
The results showed that the maximum horizontal displacement was 3.9 cm (in the
middle-upper part) and the maximum vertical displacement was 4.95 cm (in the
middle-upper part of the sliding body); the surface was mainly under tensile
stress, and the absolute value of the bottom compressive stress increased with
depth; the maximum shear strain increment was small; the slope stability coeffi-
cient was 1.48. The conclusion indicates that the slope as a whole was in a stable
state in the initial state.
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1. Introduction

Landslide is one of the main geological disasters in mountainous areas, referring to
the process and phenomenon of the deformation and destruction of rock and soil on
the slope under the influence of gravity and other external factors [1-3]. It has the
characteristics of high occurrence frequency, wide distribution range, and fast
movement speed. Due to the complex mechanism of landslide deformation and de-
struction, it often causes serious harm and poses a significant threat to people's lives
and property safety [4-6]. A heavy rain can cause a landslide and bury a village and
another village; a mountain collapse can also cause a mudslide, blocking rivers and
destroying roads and railways. Therefore, studying landslides is an important part
of geological disaster research [7]. The special geological environment conditions in
China lead to frequent occurrence of geological disasters such as landslides, and the
frequent occurrence of landslides induced by human engineering activities also
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leads to frequent occurrence of such geological disasters. Moreover, the landslide
monitoring system is weak, making it difficult to achieve timely early warning, rapid
response, and effective avoidance [8]. In conclusion, the prevention of geological
disasters in China has a long way to go and many problems need to be solved.

The study of slope stability is crucial for preventing landslide disasters. This re-
search is not only a current hot topic in the field of engineering geology but also an
unsolved issue to this day [9-10]. Its scope is extensive, covering high-rise buildings,
roads and bridges, tunnel construction, and waste disposal, etc. Ensuring the stabil-
ity of the slope is the key to ensuring its safety and is related to the entire life cycle
of the project [11]. If it cannot be effectively guaranteed, it will trigger geological
disasters such as landslides, debris flows, and collapses. Therefore, conducting slope
stability analysis and assessment is of great significance for future engineering gov-
ernance and monitoring work [12]. Slope instability may lead to landslides, and in
severe cases, it can damage the underlying structures, endangering people's lives
and property, and causing incalculable losses [13]. In this context, conducting stabil-
ity analysis of the slope and implementing effective prevention measures is a very
meaningful task [14].

In traditional slope stability analysis, the use of a single software for modeling often
encounters accuracy or efficiency bottlenecks under complex geological conditions:
FLAC3D has significant advantages in numerical simulation and stability coefficient
calculation, but the three-dimensional model construction and meshing in the
pre-processing stage have limitations; while Midas GTS NX has diverse modeling
capabilities, high-precision surface generation features, and flexible meshing func-
tions, and the joint modeling of the two can achieve complementary advantages
[15-18]. Based on this, this study takes the Huaipa landslide as the object, by organ-
izing geological CAD drawings, using Midas GTS NX to construct a three-dimensional
geological model and importing it into FLAC3D, applying the Mohr-Coulomb crite-
rion to impose boundary constraints and gravitational loads, conducting displace-
ment, stress, and maximum shear strain increment distribution analysis under the
initial state, and calculating the stability coefficient, aiming to clarify the initial sta-
ble state of the slope, and providing a scientific basis for the reconstruction of the
aqueduct and the landslide control.

2. The establishment of the three-dimensional model

2.1. General Project Overview

The Huaipai Yellow River Water Diversion Project is located in the areas of Mianchi
County and Yima City in Sanmenxia City, Henan Province. It is an infrastructure
project aimed at providing water for industrial and agricultural use as well as
drinking water for people and livestock in this region. The total scale of the Huaipai
Project is to draw water from the Yellow River at a rate of 7 cubic meters per second,

and it is divided into four stages for water diversion. The headworks of the project is
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located at the Huaipai Fish Mouth on the right bank of the Yellow River in Chencun
Township, Mianchi County. The first pumping station raises the water from the Yel-
low River to a 312-meter terrace, and after passing through the water distribution
(distribution) pool and being treated in the sedimentation pool, it flows into the
water conveyance channel. The channel line roughly extends along the contour lines
and crosses the No. 1 inverted siphon, No. 1 and No. 2 aqueducts on the west slope,
and is connected to the Huaizhong Tunnel through open channels. After exiting the
tunnel, it crosses the No. 2 inverted siphon on the Jianhe Gou (2#), and immediately
connects to the intake pool of the second pumping station. Then, two, three, and four
pumping stations are set up along the slope.

Recently, due to mining activities and rainfall, the ancient landslide body has come
back to life, causing severe damage to the No. 1 and No. 2 aqueducts. The main part
of this landslide section project is to dismantle and rebuild the No. 1 and No. 2 ag-
ueducts that were damaged by the landslide. The total area of the landslide is ap-
proximately 200,000 square meters, roughly distributed in a fan shape on the slope.
The reconstruction project of the No. 1 and No. 2 aqueducts is located at the right
front edge of the landslide. The landslide treatment area includes the No. 1 and No. 2
aqueducts and the nearby affected areas. Due to the influence of the landslide, the
aqueducts have shifted northward by about 3 to 5 meters, and the aqueducts are
severely damaged. The steel pipe sections are twisted and deformed, and some
support frames have been pushed down by the landslide. The pipeline at this loca-
tion is no longer usable (see Figure 1).

This water supply pipeline is the main water supply channel for industrial water
and drinking water for urban residents in Yima City and Mianchi County. Due to the
damage to this pipeline, currently, only the downstream reservoir, the Xizhan Vil-
lage Reservoir, can provide temporary emergency water supply. According to the
reservoir size and the current water demand, the reservoir water can only sustain
for about 3 to 4 months. The municipal government requires that the pipeline water
supply must be restored within 3 months. Therefore, as the basic data for this pro-

ject, the stability analysis of the landslide is extremely urgent.

Figure 1. Damage to the aqueduct pipeline

DOI:10.63313/AERpc.9064

28 Advances in Engineering Research : Possibilities and Challenges



Xinglong Liang

2.2. Basic assumption

The geological structure of the landslide is extremely complex, including various
types of joints and fractures. Due to the limited existing geological data, it is impos-
sible to fully restore the original geological structure. Therefore, this study adopted
a simplified and hypothetical approach to establish a model. While attempting to re-
store the actual situation as much as possible, the following assumptions were
made:

(1) It is assumed that the rock mass is continuous, homogeneous, and isotropic. The
rock mass is regarded as a continuous medium without obvious distribution char-
acteristics, and its properties are uniform in all directions;

(2) The joint and fracture of the rock mass itself is not considered separately. In this
study, the joints and fractures within the rock mass are not treated as individual ob-
jects for consideration, but the overall property of the rock mass is modeled and an-

alyzed.

2.3. Establishment of three-dimensional computational model and
meshing

Considering the complexity and unevenness of the Huaipai landslide, in order to ac-
curately study the stability of the Huaipai landslide, a real three-dimensional model
needs to be established. The FLAC3D software has many advantages in analysis, but
it has some limitations in pre-processing such as model establishment and element
meshing. Especially for complex slope models like real ones, during the model con-
struction process, multiple data points of the elements need to be controlled, which
makes programming with the FISH language difficult. Although FLAC3D 6.0 intro-
duced the Building block 3D built-in module and Model Pane model editing section,
there are still challenges in building a real three-dimensional model.

To address the modeling deficiencies of FLAC3D, this paper adopts the Midas GTS
NX joint modeling method. By leveraging the diverse modeling methods of the midas
software, it can automatically and quickly form a surface with high accuracy and
strong operability, etc., and construct the landslide model. The three-dimensional
geological model established by the Midas GTS NX software can be imported into
FLAC3D for numerical simulation, and it has very good compatibility. The specific
steps are as follows:

(1) Sort out the Huaipai landslide drawings. Sort out the Huaipai geological
cross-section and plan CAD drawings, delete all layers and auxiliary data irrelevant
to modeling, and retain the elevation data and stratum data of the Huaipai landslide
required for modeling.

(2) Establish the initial surface model. Import the sorted current map into the Midas
software, perform coordinate transformation according to the actual coordinates,
and perform elevation assignment for lines and points. Use the terrain data genera-

tor TGM (its full English name is Terrain Geometry Maker) to generate the surface
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GTS model. GTS is a way to represent the connection between coordinate points and
continuous ground, which refers to the simulation representation of continuous
ground using a large number of selected known ¥, y, z coordinates in any coordinate

system. The landslide surface model is shown in Figure 2.

Figure 2. Landslide surface model

(3) Establish the physical model. Import the sorted out landslide surface map into
the Midas GTS NX software and perform coordinate conversion based on the actual
coordinates. According to the extension trend between adjacent exploration lines,
connect them one by one, then expand and finally generate the GTS physical model.
(4) Generate the sliding body by segmenting the entities. Import the pre-processed
contour lines of the landslide surface into the Midas GTS NX software. Perform co-
ordinate transformation based on the actual coordinates and assign elevations to
the lines. Generate a surface from the imported contour lines and cut it with the ex-
panded entity of the landslide plane. Finally, generate the sliding body. The sche-
matic diagram of model cutting is shown in Figure 3.
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Figure 3. Schematic Diagram of Model Cutting

(5) Establish a three-dimensional model. Import the dwg files of the surface contour
lines and the landslide planar diagram into the Midas GTS NX software. Use these
point and line data to generate surfaces and divide them, thereby creating a realistic
initial geological body. Utilizing the powerful Boolean operation tools of the Midas
GTS NX software, various complex processing operations such as addition, subtrac-
tion, classification, connection, adhesion, and division can be carried out. These op-
erations allow for precise modification and editing of the geological body to meet
the requirements for establishing the three-dimensional model of the Huaipai a
landslide, thus achieving the establishment of the three-dimensional model of the
Huaipai landslide. The three-dimensional model of Midas GTS NX is shown in Figure
4,
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Figure 4. 3D model of Midas GTS NX

(6) Divide the grid and establish the FLAC3D model. Use the grid module in the
Midas GTS NX software to divide the mixed grid, locally densify and optimize the
number of grids, and export the FLAC3D model using the grid conversion tool. The
FLAC3D model is shown in Figure 5. The base size of this model is 850m x 645m,
and the maximum height is 532m. For the division of the model's unit grid, the
maximum grid cell is 30m, which is designed in the bedrock part of the slope, and
the minimum grid cell is 5m, which is designed in the sliding zone below the land-
slide body and gradually transitions. The model has a total of 71,006 grid cells and
12,005 nodes. Dividing the bedrock part of the model into a sparser grid can im-
prove the calculation speed and reduce the calculation time. The rock layer param-
eters are selected based on the rock mechanical parameters determined by engi-

neering geological investigation data.
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Figure 5. FLAC 3D Model
3. Analysis of the stability of the initial slope condition

3.1. Boundary conditions and simulation schemes

Using the Mohr-Coulomb criterion, displacement constraints were applied around
and at the bottom of the model, while the upper surface was set as a free boundary.
Gravity acceleration was applied in the Z direction. The simulation analysis results
not only displayed the cloud map of the overall outer surface, but also showed the
cloud map of the middle section, with the section position being along the x-axis to-
wards the center.

3.2. Displacement distribution

After the calculation is completed, the overall and sectional cloud maps are analyzed.
A part of the steps has already formed in the initial state, and the steeper current
slope is mainly located in the southwest. The sectional section is taken in the middle
and southern part and passes through the current slope. The displacement is posi-
tive when it is in the same direction as the coordinate axis, and negative when it is
opposite. The unit is meters.

The horizontal displacement cloud map and the vertical displacement cloud map in
the initial state are shown in Figures 6 and 7 respectively.
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Figure 6. Horizontal Displacement Cloud Map

Initially, only gravity was loaded. After equilibrium was reached, as shown in the
above figure, the overall maximum horizontal displacement was 3.9 cm, in the nega-
tive direction, located in the upper part of the model; the maximum horizontal dis-
placement in the middle section was 0.57 cm, in the positive direction, located in the
middle of the sliding body.
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(b) Central section

Figure 7. Vertical Displacement Cloud Chart

In the initial state, all the vertical displacements were downward under the influ-
ence of gravity. The maximum vertical displacement was 4.95 cm, located in the up-
per part of the model sliding body. The vertical displacement contour lines spread
outward from this point and gradually decreased from the upper layer to the lower
layer. The maximum surface displacement at the slope edge is approximately 4.95
cm. The maximum vertical displacement in the middle section is 3.19 cm, located in
the upper-middle part. The vertical displacement gradually decreases from the up-
per layer to the lower layer. The displacement contour at the bottom is nearly hori-
zontally distributed, and the contour at the slope edge is nearly perpendicular to the
slope surface. The displacement fields of different sections are similar. As the terrain
becomes gentler, the maximum displacement value decreases.

3.3. Stress distribution

In FLAC3D, it is stipulated that tensile stress is positive and compressive stress is
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negative, with the unit being Pa. The maximum principal stress contour map and the
minimum principal stress contour map in the initial state are shown in Figures 8
and 9 respectively. The maximum principal stress mainly analyzes the tensile condi-
tion of the rock mass, while the minimum principal stress mainly analyzes the com-

pressive condition of the rock mass.
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©2019 Itasca Consulting Group, Inc.
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Figure 8. Maximum Principal Stress Contour Map
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(b) Central section

As shown in the figure, the overall surface is mainly under tensile stress. The maxi-
mum tensile stress at the current slope is 0.18 MPa, located on the sliding surface.
The maximum tensile stress contour line in the middle section is basically consistent
with the surface direction, with a maximum tensile stress value of 0.0043 MPa, lo-
cated on the slope surface. The stability of the current slope is good.
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Figure 9. Minimum Principal Stress Contour Map

3.4. The distribution of the maximum strain increment

After the text edit has been completed, the paper is ready for the template. Duplicate

the template file by using the Save As command, and use the naming convention

prescribed by your journal for the name of your paper. In this newly created file,

highlight all of the contents and import your prepared text file. You are now ready to

style your paper.

The displacement stress contour map shows the initial state of slope displacement

and stress distribution, but it is not easy to intuitively determine the stability of the

slope. Therefore, it is also necessary to determine whether the local part of the slope

is in a shear and tension state. When evaluating the stability of the slope, the incre-
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ment of shear strain is an important reference indicator. By observing the absolute
value of the increment of shear strain and its distribution, we can judge the stability
of the slope. When the increment of shear strain is very small or close to zero, it
usually means that the slope is in a relatively stable state, and there is no risk of a
potential sliding surface causing large deformation or instability failure. However, in
the area with a large increment of shear strain, there may be a case of shear failure.
The size of the increment of shear strain reflects the stress changes within the rock
and soil body and the deformation of the material. When the slope is subjected to
external forces or the internal conditions change, the area with a large increment of
shear strain often has a higher shear stress, which may lead to local shear failure.
Therefore, when evaluating the stability of the slope, the analysis of the increment of
shear strain is of great significance, which can help us understand the deformation
behavior of the slope and the potential risk of failure, and thus take corresponding
protective and reinforcement measures. The distribution cloud map of the maxi-

mum increment of shear strain is shown in Figure 10.
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Figure 10. Cloud chart showing the distribution of the maximum shear strain increment

As can be seen from the above figure, the distribution of the maximum shear strain
increment isaline along the horizontal direction and is basically consistent with the
surface orientation. It gradually decreases from top to bottom, and the maximum
shear strain increment at the center of the surface is relatively large, indicating that
the initial state has good stability.

3.5. Stability coefficient analysis

The safety factor obtained through FLAC3D numerical simulation is 1.48, which is
greater than 1.0. The stability of this slope is good, as shown in Figure 11.

Console -- State: G-Mfos-Stable
IS S S S S S ESEEESS S S S S E R SRR R EEEEE RS S EEEEE S S
Save file created by FLAC3D 6.00.69.0
on OUEA 40A 25 20:52:03 2024
Total Cycles: 13411 Super Cycles: 13411
Title:
Customer:

********;***********************************
flac3d>print fos
Last Factor of Safety Calculated: 1.48

Figure 11. Slope Stability Coefficient

4. Conclusion

Based on the CAD drawings such as the geological profile and plan of Huaipa, using
the Midas GTS NX joint modeling, a three-dimensional model of the Huaipa landslide
was established. Through the FLAC3D software, numerical simulation analysis was
conducted on the initial state of the slope.

The simulation results show that in the initial state, the horizontal displacement is
mainly distributed in the upper part of the slope, and the displacement value in-
creases with the increase of height. The vertical displacement is mainly distributed
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at the top of the slope, and the displacement value increases with the increase of
height. The maximum principal stress is mainly distributed on the surface of the
slope, and the absolute value of the minimum principal stress increases from top to
bottom. The maximum value is located at the bottom of the model. The maximum
incremental value of shear strain in the initial state is very small, and the maximum
value is located in the upper part of the sliding body.

Finally, based on the displacement cloud map, stress cloud map, maximum incre-
mental value of shear strain cloud map and slope stability coefficient, it can be de-
termined that the slope is in a stable state in all three cases.
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