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Abstract: Safety is the primary prerequisite for the development of a city. Underground 

pipelines (UP) carry the development of a city. The research on the SM methods of UP has 

become a hot topic. This paper combines machine learning (ML) and parameter statistics 

(PS) to study and analyze the new method of underground pipeline SM. This paper briefly 

analyzes the layout principle of urban UP and the SM system of the spatial layout of UP, 

discusses the safety evaluation indexes of UP, combines ML and PS, and studies the new 

method of SM with bending stress as the most critical safety evaluation index of pipelines; 

At last, the experimental results show that the new method of merging ML and parameter 

statistical security monitoring proposed in this paper is effective and feasible. 

1. Introduction 

The urban gas transmission and distribution pipe network system is not always in a safe state. It 

is the consequence caused by a variety of reasons. Serious consequences may cause heavy 

casualties and property losses. Almost every year, most cities have many disasters caused by the 

failure of the gas transmission and distribution system. However, for the gas transmission and 

distribution system in a city, or the gas system in a system or component, how much risk it is, what 

form is the risk, and how to control or reduce these risks are important issues. Therefore, it is urgent 

to carry out risk assessment research on the urban gas transmission and distribution network system. 

With the gradual deepening of people's understanding of the risk of underground pipeline 

accidents, many countries have gradually begun to establish underground pipeline safety 

management and evaluation systems suitable for their own underground pipeline conditions, and 

many underground pipeline companies have also successively developed corresponding software 

systems and constructed relevant analysis models [1]. Nazir Q proposed a fully online TCM system 

for ultrasonic metal welding (UMW) using sensor fusion and ML (ML) technology. A data 

acquisition (DAQ) system is designed and implemented to obtain the field sensing signals in the 
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welding process. Then a large feature pool is extracted from the sensing signal, and the feature 

subset is selected, which is then used by the ML based classification model. Use experimental data 

to train, verify and test various classification models [2]. 

The rational spatial layout of UP can promote the intensive construction of pipelines and 

promote the development of urban underground pipeline corridor. From the perspective of the 

spatial layout of UP, according to the characteristics and principles of the spatial layout of pipelines, 

a new method of underground pipeline safety monitoring(SM) is studied and analyzed by 

integrating ML and PS; From the perspective of pipeline spatial layout, several important indexes 

affecting the safety of pipeline spatial layout are determined. According to the different laying 

sequence of UP in horizontal and vertical directions, the data of UP, road surface, road centerline 

and other data are used to achieve the extraction and statistical analysis of hidden pipelines in 

sequence. Through the dimensional analysis of the physical meaning of bending moment equation 

and the simplification of pipeline forces, a method for fitting the deformation of pipelines by using 

PS is proposed, which is reasonable through practical engineering inspection [3-4]. 

2. Research on New Method of Underground Pipeline SM 

2.1. Layout Principle of Urban Underground Pipeline 

2.1.1. Principles and Requirements for Horizontal Pipeline Layout 

In order to make the underground pipeline layout meet the requirements of urban development, 

the following principles and requirements shall be followed in the planning and design of horizontal 

pipeline layout. 

Unified coordinate system In order to avoid non connection and confusion of connection, 

elevation and coordinate system consistent with urban planning and design must be adopted in the 

early planning and design of UP; When making full use of existing pipelines for new pipeline 

planning and design, it is necessary to fully consider the layout of existing pipelines. Generally, 

only when the existing pipelines are not suitable for urban development, they will be removed or 

abandoned; Reserved development space In consideration of the needs of the future development of 

the city, the number of UP will inevitably increase. Therefore, during the planning and design of 

urban pipelines, the development space should be reserved as much as possible for the pipelines that 

may be added in the future; the underground pipeline shall be laid under the green belt, sidewalk or 

non-motor vehicle lane of the road as far as possible according to the layout location requirements. 

When the layout space is limited, the pipeline with relatively few maintenance times and deep 

burial depth can be laid under the ground of the motor vehicle lane, and the area where vehicles 

frequently pass shall be avoided as far as possible; Comply with the requirements of horizontal 

clear distance When conducting the comprehensive horizontal layout of UP, ensure that the 

horizontal distance between pipelines and between pipelines and buildings (structures) meet the 

requirements of relevant specifications [5-6]. 

2.1.2. Principles and Requirements for Vertical Pipeline Layout 

The layout of UP in the vertical space shall be based on the horizontal layout and in combination 

with the specific conditions of the pipeline layout area. In order to make the layout of UP meet the 

requirements of urban development, the vertical layout of pipelines in planning and design should 

follow the following principles and requirements. 
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The burial depth shall be reduced as much as possible for the vertical layout of the pipeline 

location. On the basis of meeting various pipeline operation requirements and relevant burial depth 

specifications, the burial depth of the pipeline shall be reduced as much as possible to reduce the 

construction cost and facilitate the later overhaul and maintenance of the pipeline [7-8]. When 

laying UP, necessary protective measures shall be appropriately added. For sections with heavy 

equipment or large transport vehicles, necessary protective measures shall be taken for pipelines 

that may bear heavy pressure to prevent damage to pipelines when equipment or vehicles pass 

through; In order to facilitate the daily management and maintenance of UP, comprehensive pipe 

trenches and other laying methods shall be used as far as possible. In areas where the underground 

space is relatively small and there are many types of UP, especially in traffic throat areas, 

comprehensive pipe trenches and other advanced technologies shall be used as far as possible for 

pipeline laying, provided that the technical and economic conditions are met; Priority shall be given 

to pipelines with special burial requirements [9-10]. 

2.2. Underground Pipeline Space Layout SM System 

2.2.1. Data Extraction and Fusion 

Establish the mapping relationship between various types of data and the information required 

for the safety analysis of the spatial layout of UP. Use the spatial analysis method of ArcGIS and 

data editing tools to extract the information required for analysis. The extraction process is shown in 

Figure 1. 

 

Figure 1. Data extraction process 
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The data extraction process is as follows: 

(1) Coordinate transformation, projection transformation and other methods are used to unify the 

data into the same coordinate system and elevation datum. 

(2) Splice, cut and standardize the framing data within the analysis scope. 

(3) Establish the mapping relationship between the required analysis information and DLG data 

[11]. 

(4) Extract urban road centerline, road surface, ground buildings (structures), roadways, 

sidewalks, green belts and other information. 

(5) According to the spatial relationship between the data, topological check and coordinate 

system check are performed on the classified data extracted in the previous process. The extracted 

road centerline data, road surface data, ground buildings (structures) data, roadway data, sidewalk 

data and other data are stored in ArcGIS in the form of layers to provide data basis for subsequent 

analysis [12-13]. 

2.2.2. Indicator System 

In the whole process of safety evaluation of underground pipeline spatial layout, whether the 

selection of evaluation index system is reasonable or not is directly related to the reliability of the 

final evaluation results. A scientific and reasonable index system is one of the key factors to ensure 

the overall safety evaluation quality. In the actual comprehensive evaluation, the more evaluation 

indicators, the better, but not the less, the better. The key lies in the role of evaluation indicators in 

the evaluation [14]. Therefore, the composition structure and quantity selection of evaluation 

indicators in the evaluation system must be reasonable. It is necessary to avoid the interference to 

the results caused by too many indicators and repetition, as well as the incompleteness of the results 

caused by too few indicators or lack of certain indicators. Therefore, the selection of each 

evaluation index should objectively reflect the different information of the evaluation object in all 

aspects, and try to make the final evaluation index comprehensive, scientific, reasonable and 

applicable [15-16]. 

2.3. Safety Evaluation Index of Underground Pipeline 

The safety analysis of underground pipeline under the disturbance of tunnel excavation becomes 

extremely important. During the tunnel excavation construction period, the underground pipeline is 

in a safe state for most of the time. When affected by various adverse factors of tunnel construction, 

such as unreasonable design, over excavation or too fast shield tunneling, there will be engineering 

hidden dangers of excessive and too fast pipeline settlement. The accumulation of hidden dangers to 

a certain extent will lead to engineering accidents [17]. As shown in Figure 2. 

Therefore, this paper first outlines the underground pipeline, then introduces the deformation 

monitoring of the pipeline in the project, and finally focuses on the safety control standards and 

evaluation indicators of pipeline deformation. 

For the deformation of UP caused by tunnel excavation, the current research focuses on the 

longitudinal bending deformation of UP, which considers the longitudinal stress yield of pipelines 

caused by tunnel excavation. Longitudinal bending is caused by the influence of longitudinal 

bending moment. The main reasons are: uneven settlement of soil mass or bottom scouring, such as 

soil erosion under pipe sockets, flowing into waterways or damaged sewers; Soil movement due to 

tidal water; Vertical movement of stratum caused by large-area excavation; The change of water 

content leads to the rise and fall of the stratum; Uneven settlement of foundation. The main causes 
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of axial strain are: Poisson effect (due to internal pressure); Temperature stress, that is, when the 

pipeline is constrained by the surrounding soil mass due to thermal expansion and cold contraction, 

the stress will be generated; The stratum moves horizontally [18]. 

 

Figure 2. Schematic diagram of engineering safety analysis 

3. Fusion ML 

The bending stress of pipeline caused by tunnel excavation shall be taken as the safety evaluation 

index. The surrounding soil layer shall be displaced, which will lead to the displacement of the 

nearby underground pipeline. In this process, the bending stress caused by the uneven settlement of 

the soil mass is the most significant, which will cause pipeline fracture. At this time, the yield stress 

of the longitudinal bending stress is the main failure mode. 

In the preliminary evaluation of flexible pipeline deformation, due to the concealment of pipeline 

joint position, it can be assumed that the joint is a rigid connection to calculate the pipeline bending 

stress. If the calculated bending stress suddenly changes, the reduction of bending moment caused 

by joint rotation shall be considered. At this time, it can be assumed that the pipeline joint is just 

above the tunnel center, which is the most unfavorable condition. The pipe segment is considered to 

be completely rigid (without bending). Theoretically, for completely flexible joint pipelines (rubber 

sliding type, bolt mechanical type and other socket connection modes), the joint is considered as a 

rational "hinge" that cannot transmit bending moment, so the bending moment at the joint can be 

relieved strictly according to the moment distribution method in structural mechanics, and then the 

joint angle of the pipeline can be calculated. 

According to the statistical data of pipeline deformation parameters, calculate the transverse 

bending and axial bending among many influence factors of the pipeline; the matching correlation 

between data is determined according to pattern recognition. The specific method is as follows: first, 

pairing assignment, using uncertainty reasoning to determine the matching correlation between data 

indicators, and using covariance matrix to describe; Secondly, the joint distribution function of the 

parameters is obtained, and then the full conditional distribution PDF of each parameter is obtained. 

In order to obtain the GroupLASSO block matrix, select the initial cluster center and relevant 
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parameters, combine intelligent reasoning and uncertainty reasoning technology to obtain the joint 

probability density function of distribution parameters and super parameters, respectively calculate 

the full condition distribution function SEIPR of each parameter, and calculate the statistical 

dependence between parameters (the growth degree of evidence to trust), that is, direct or indirect 

causality, correlation and defect. 

On the premise that observation H is given, the conditional probabilities of evidence K1, K2,..., 

Kn are Pr (K1 | H), Pr (K2 | H),..., Pr (Kn | H) respectively, then the conditions for combining 

evidence are: 

)|Pr(...)|Pr()|Pr(

)]|min[Pr()|...Pr(

21

21

HKHKHK

HKHkkk

n

nn





          (1) 

The conditions for extracting evidence are: 
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Formula (1) is used to obtain the norm+regular term function from the log likelihood estimation 

of the result of equation (2), and the soft threshold of the parameter is solved by using the 

asymptotic gradient projection algorithm. Considering the constraints of robust linear programming, 

the following important conclusions are obtained: 
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Based on the property of rigid connection of gas pipeline in practical engineering, the 

concealment of flexible pipeline joint position (which can be simplified) and the complexity of 

solving the approximate angle of pipeline theoretically. At the same time, considering the basic and 

necessary role of solving pipeline bending stress in the research of pipeline safety properties, this 

paper takes bending stress as the most critical pipeline safety evaluation index, and does not 

specifically describe the calculation of pipeline joint angle. 

According to the plane strain problem, we can consider the pipeline as a deep beam on the 

foundation and as a pure bending beam. Then the bending moment and stress of the pipeline are: 
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Among them, EP and Ip are pipeline material and specification parameters, which are easy to 

obtain.
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is the curvature of pipeline deformation, which is the key to solve the bending moment 

and stress of pipeline caused by tunnel excavation. 
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According to the mechanical properties of materials, in order to ensure the normal and safe use 

of the pipeline, the longitudinal bending stress of the pipeline shall be less than the allowable stress 

value, otherwise fracture or leakage will occur. The allowable stress values of different pipes are 

shown in Table 1. 

Table 1. Allowable stress of different pipes 

Piping 

materials 

Yield 

stress/Mpa 

Ultimate 

stress/Mpa 

Initial 

stress/Mpa 

safety 

factor 

Design 

bending 

stress/Mpa 

Allowable 

stress/Mpa 

Pit cast iron - 144 13.8- 38. 6 2.4 58 19.3-44.1 

Rotating cast 

iron 
- 206 20.7-52. 4 2.4 82.3 30.3- 62. 1 

Ductile iron 300 421 33. 1-71.7 1.3 336 264.3-302. 9 

Grade A steel 208 332 41.4-82.8 1.46 123.0 41. 4-82.8  

Grade B steel 243 413 41.4-82.8 1.46 144.5 62.1-103.4 

Polyethylene 

PE800 
- 8.8 0.13-0. 26 2 4.5 4.04-4. 17 

Polyethylene 

PE100 
- 12 0.28-0. 56 2 5.7 4.94-5.22 

4. Test and Analysis of Underground Pipeline SM Experiment Combining ML and PS 

On the establishment of the database, the operation safety evaluation system of urban 

underground gas pipeline uses SQL Server 2008 database, which has strong usability, scalability, 

data security and stability. Table design is mainly divided into several categories. The first category 

is related to users, including user tables, group tables, permission tables, etc. The second type is 

systematic business tables. Relevant information of the login user of the risk assessment system of 

the buried gas pipeline network is saved, including login name, login password, user name, position, 

department, contact address, telephone number, etc. The risk assessment results of a pipeline in the 

buried gas pipeline network are saved. 

If we know the load distribution on the pipeline, we can know to use PS to fit the deformation 

curve. According to Rankine's earth pressure theory, the earth pressure is a function of one degree. 

However, due to many factors affecting the earth pressure of buried pipes, such as soil property, 

pipe stiffness, pipe burial method, excavation and construction technology, the field measured earth 

pressure results are not consistent with the classical earth pressure theory, so it is difficult to obtain 

a unified expression of the earth pressure distribution. In addition, there is the problem of pipe soil 

interaction, which makes the above problems more complex. 

According to the above analysis, in order to test its rationality, the PS is used to fit the 

underground pipeline SM of fusion ML analyzed above, and the fitting curve is derived to obtain 

the pipeline curvature curve as shown in Table 2 and Figure 3. 
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Table 2. Data sheet of pipeline curvature curve 

 3 6 9 12 15 18 21 24 27 30 33 

Pipeline settlement 10 15 18 24 27 28 27 26 25 20 17 

Fitting curvature 21 19 18 18 19 20 21 23 25 27 32 

Three point common circular 

curvature 
 21 16 9 8 12 13 14 10 9 24 

 

 

Figure 3. Fitting curve and curvature curve of pipeline settlement 

It can be seen that the curvature calculated by PS is continuous and smooth, which reflects the 

curve form requirements of structural deformation. Although its corresponding boundary conditions 

are difficult to control, for the pipeline deformation curve fitted by the least squares method, what is 

concerned here is the maximum curvature close to the maximum deformation area of the pipeline, 

and the curvature problems at both ends of the curve are temporarily ignored; Through the 

dimensional analysis of the physical meaning of the bending moment equation and the 

simplification of the force on the pipeline, a method of fitting the deformation of the pipeline by 

using the sixth degree polynomial is proposed, and the approximation method of fitting the 

parameter statistical curve is used to fit the discrete points (monitoring data) of the pipeline 

settlement into a curve, which eliminates certain monitoring errors, and the fitting results can better 

conform to the reality. 

5. Conclusion 

This paper combines ML and PS methods to provide scientific means and tools for the scientific 

planning, construction and effective reduction of urban underground pipeline network safety risks. 

However, due to my limited knowledge and ability level, this paper also has shortcomings: the 

determination of this paper's integration of ML SM is based on the characteristics of the spatial 

layout of UP and the full understanding of the spatial layout of pipelines. However, the spatial 

layout of UP is extremely complex, and there are many factors affecting the safety, so the selection 

of evaluation factors has a certain subjectivity. When evaluating the hidden danger of pipeline 
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occupation, the severity of the hidden danger is determined only from the direct and indirect 

occupation of buildings and structures. The impact of building type, floor number and other 

information on the severity of the hidden danger is not further identified from the perspective of 

buildings and structures, and the impact of different pipelines is not considered, which needs further 

research and analysis. 

Funding 

This article is not supported by any foundation. 

Data Availability 

Data sharing is not applicable to this article as no new data were created or analysed in this 

study. 

Conflict of Interest  

The author states that this article has no conflict of interest. 

References  

[1] Paiva F D, Cardoso R N, Hanaoka G P, et al. Decision-making for financial trading: A fusion 

approach of machine learning and portfolio selection. Expert Systems with Application, 2019, 

115(JAN.):635-655. https://doi.org/10.1016/j.eswa.2018.08.003 

[2] Liu W, Tian Z, Jiang X, et al. A milling cutter state recognition method based on multi-source 

heterogeneous data fusion. The International Journal of Advanced Manufacturing Technology, 

2022, 122(7-8):3365-3378. https://doi.org/10.1007/s00170-022-10017-5 

[3] Gregorio L D, Callegari M, Marin C, et al. A Novel Data Fusion Technique for Snow Cover 

Retrieval. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 

2019, PP(99):1-16. 

[4] Snow Z, Diehl B, Reutzel E W, et al. Toward in-situ flaw detection in laser powder bed fusion 

additive manufacturing through layerwise imagery and machine learning. Journal of 

Manufacturing Systems, 2021, 59(10 October):12-26. 

https://doi.org/10.1016/j.jmsy.2021.01.008 

[5] Nazir Q, Shao C. Online tool condition monitoring for ultrasonic metal welding via sensor 

fusion and machine learning. Journal of Manufacturing Processes, 2021, 62(5):806-816. 

https://doi.org/10.1016/j.jmapro.2020.12.050 

[6] Gerdes N, Hoff C, Hermsdorf J, et al. Hyperspectral imaging for prediction of surface 

roughness in laser powder bed fusion. The International Journal of Advanced Manufacturing 

Technology, 2021, 115(4):1249-1258. https://doi.org/10.1007/s00170-021-07274-1 

[7] Camargo J, Flanagan W, Csomay-Shanklin N, et al. A Machine Learning Strategy for 

Locomotion Classification and Parameter Estimation Using Fusion of Wearable Sensors. IEEE 

Transactions on Biomedical Engineering, 2021, PP (99):1-1. 

[8] Mohammadi M G, Elbestawi M. Real Time Monitoring in L-PBF Using a Machine Learning 

Approach. Procedia Manufacturing, 2020, 51(4):725-731. 

https://doi.org/10.1016/j.promfg.2020.10.102 

[9] Aiassa S, Ros P M, Hanitra M, et al. Smart Portable Pen for Continuous Monitoring of 



Kinetic Mechanical Engineering 

56 
 

Anaesthetics in Human Serum With Machine Learning. IEEE Transactions on Biomedical 

Circuits and Systems, 2021, PP(99):1-1. 

[10] Snow Z, Diehl B, Reutzel E W, et al. Toward in-situ flaw detection in laser powder bed fusion 

additive manufacturing through layerwise imagery and machine learning. Journal of 

Manufacturing Systems, 2021, 59(10 October):12-26. 

https://doi.org/10.1016/j.jmsy.2021.01.008 

[11] Ibtehaz N, Rahman M S, Rahman M S. VFPred: A fusion of signal processing and machine 

learning techniques in detecting ventricular fibrillation from ECG signals. Biomedical Signal 

Processing and Control, 2019, 49(MAR.):349-359. https://doi.org/10.1016/j.bspc.2018.12.016 

[12] Boughanmi K, Ansari A. Dynamics of Musical Success: A Machine Learning Approach for 

Multimedia Data Fusion. Journal of Marketing Research, 2021, 58(6):1034-1057. 

https://doi.org/10.1177/00222437211016495 

[13] Blasch E, Pham T, Chong C Y, et al. Machine Learning/Artificial Intelligence for Sensor Data 

Fusion-Opportunities and Challenges. IEEE Aerospace and Electronic Systems Magazine, 2021, 

36(7):80-93. https://doi.org/10.1109/MAES.2020.3049030 

[14] Agrawal H, Jain P, Joshi A M. Machine learning models for non-invasive glucose 

measurement: towards diabetes management in smart healthcare. Health and Technology, 2022, 

12(5):955-970. https://doi.org/10.1007/s12553-022-00690-7 

[15] Habbouche H, Benkedjouh T, Amirat Y, et al. Gearbox Failure Diagnosis Using a Multisensor 

Data-Fusion Machine-Learning-Based Approach. Entropy, 2021, 23(697):1-20. 

https://doi.org/10.3390/e23060697 

[16] Shevchik S, Masinelli G, Kenel C, et al. Deep learning for in situ and real-time quality 

monitoring in additive manufacturing using acoustic emission. IEEE Transactions on Industrial 

Informatics, 2019, PP (9):1-1. https://doi.org/10.1109/TII.2019.2910524 

[17] Lee J H, Kim B H, Min Y K. Machine Learning-based Automatic Optical Inspection System 

with Multimodal Optical Image Fusion Network. International Journal of Control, Automation 

and Systems, 2021, 19(10):3503-3510. https://doi.org/10.1007/s12555-020-0118-1 

[18] Sadasivuni S, Saha M, Bhatia N, et al. Fusion of fully integrated analog machine learning 

classifier with electronic medical records for real-time prediction of sepsis onset. Scientific 

Reports, 2022, 12(1):1-11. https://doi.org/10.1038/s41598-022-09712-w 


