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Abstract 
In recent years, in the process of urban above-ground space construction, safety 
problems such as repeated excavation of road surfaces, frequent pipeline accidents, and 
dense overhead road pipelines have frequently appeared. The efficient construction, 
development and utilization of urban underground comprehensive pipe gallery space 
has become the key. In this way, the construction of the underground comprehensive 
pipe gallery project has become an important strategic direction for the sustainable 
development of the city. However, since the underground integrated pipe gallery project 
has been in the stage of large-scale research and promotion, many large cities often 
ignore their own advantages and the economic development needs of the city, and there 
is a common situation of blindly constructing underground integrated pipe gallery. In-
depth research on risk management and safety issues has been carried out in the 
construction of the corridor project, which is particularly urgent in terms of relevant 
theoretical and technical basic research and application practice. In this paper, 
qualitative and quantitative risk analysis methods are used. First, the risk identification 
is preliminarily carried out by using the literature research method through qualitative 
methods, and then the risk identification is carried out using the work decomposition 
method. This paper mainly studies the risk of the underground comprehensive pipe 
gallery project, and provides a systematic and efficient analysis method for the risk 
analysis and management problems of the underground comprehensive pipe gallery 
project. 
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1. Introduction 

Due to the increase in the structural density of high-rise buildings in cities in recent years, the 
ground space of urban buildings is crowded. In order to effectively facilitate the inspection and 
daily maintenance of pipelines by relevant municipal departments such as urban gas and 
electricity, and to solve problems such as urban land shortage, the underground comprehensive 
pipe gallery In recent years, the construction of my country's construction has been in full swing 
in China[1]. The purpose of the underground comprehensive pipe gallery is to use a public 
tunnel, so that all kinds of underground pipelines can be centrally connected and managed in 
the same management space through intensive and scientific underground pipeline laying. The 
"lifeline" of operation is conducive to improving the functions of large cities and enhancing and 
enhancing the carrying capacity of new cities. Although the underground comprehensive pipe 
gallery project is one of the important symbols of the new socialist urban development and the 
modernization of the infrastructure construction system in the 21st century, it is still in its 
infancy in technology. With the rapid growth of cities, the management level of underground 
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comprehensive pipelines is not high, and the scale of construction is not enough. Some cities 
have successive accidents such as pipeline leakage and explosion, heavy rain and road collapse, 
which will inevitably affect the wealth and safety of the people to a certain extent. and peace of 
life, as well as order in the operation of the city. Currently, underground integrated pipe gallery 
projects are being built on a large scale, and in 2016 alone, China reached the 2,000-kilometer 
milestone, becoming the largest country in the world[2]. 
The construction of an underground integrated pipe gallery project is a complex system, and 
various risks will inevitably be encountered in the process of planning, design, construction and 
operation. The research on the underground integrated pipe gallery project in my country is 
relatively late, and the risk management is not comprehensive, and there is no more reasonable 
and scientific risk management plan for the underground integrated pipe gallery project. In the 
construction of specific underground comprehensive pipe gallery projects, since there are not 
many existing underground comprehensive pipe gallery projects in China, there is a lack of 
theoretical guidance and practical application experience in the implementation process, which 
brings certain risks to the project parties. 

2. Overview of Risk Management of Underground Integrated Pipe Gallery 
Project 

2.1. Underground Integrated Pipe Gallery Project 
Underground integrated pipe gallery, also known as "common ditch", "integrated pipe gallery" 
and "public pipeline" by experts, is a public tunnel built underground in large cities, including 
municipal public pipelines for electricity, communication, radio and television, water supply 
and drainage, etc. . It refers to a new type of intensive and scientific construction of large-scale 
urban public infrastructure, which has a long investment cycle, large initial investment, high 
risk and long construction cycle. 
Several advantages of the underground comprehensive pipe gallery[3]: ① Efficiently deal with 
hidden safety problems such as "air spider webs" and "road zippers"; ② Greatly beautify the 
entire city, because the regular replacement of underground pipes is greatly reduced , Overhaul 
the digging phenomenon of municipal pipelines; ③ Intensive laying of various pipelines saves 
underground space resources; ④ It is convenient for maintenance and capacity expansion, and 
also provides shelter for pipelines to prevent rainwater erosion and improve service life. 
⑤Enhance the city's ability to resist earthquakes and disasters. 
According to their different structures and functions, underground integrated pipe gallery can 
be divided into trunk line, branch line and cable integrated pipe gallery. The trunk line 
integrated pipe gallery is a kind of integrated urban trunk pipeline, which is generally buried 
under the urban green belt or under the motor vehicle lane, and does not directly provide 
services for the users of the green belt in the form of independent cabins. It has strong tolerance, 
large section size, and high safety protection performance. It provides routes for the main trunk 
lines and local users required by the city, and greatly improves the quality and efficiency of 
integrated rationing service connections. The branch line integrated pipe gallery is mainly used 
to store urban distribution engineering pipelines. It is generally buried under sidewalks, green 
belts, and non-motorized vehicle lanes, and directly provides services to surrounding users in 
the form of independent single or double cabins. It is mainly used for users who connect urban 
trunk lines and surrounding terminals, with a relatively simple structure and small cross-
sectional size. The cable integrated pipe gallery is mainly used to store communication cables 
and power cables under the sidewalk. It is usually laid directly under the sidewalk in the form 
of shallow buried trenches. The internal space of the integrated pipe gallery cannot meet the 
needs of the normal passage of the staff. It is generally shallow buried, easy to maintain, and 
small in section size. 
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Because the construction of the underground comprehensive pipe gallery has the huge 
comprehensive social and economic benefits of realizing the centralized management of the 
underground pipeline, efficiently using the underground space, improving the appearance of 
the underground city, and ensuring the safety of the underground city, it can also greatly 
stimulate the growth of the national economy and increase investment. scale. 

2.2. Risk Management 
Risk management is an ancient historical topic in the field of construction engineering, and the 
management of engineering projects is also inseparable from risk management[4]. It mainly 
focuses on the identification of engineering risks, risk assessment and response to unexpected 
risks. According to the actual situation and the future, it is a social activity to take various 
corresponding management measures to deal with risks in time. Risk management is 
essentially divided into subjective and objective perspectives, aiming to deal with and control 
risks, so as to avoid the existence of risks affecting the realization of project goals and causing 
losses to social life and people's economy. 
Due to the characteristics of long construction and implementation cycle, high economic 
management risks and high-tech application risks, many uncertain factors, and potential harm 
and serious impact on the ecological environment during the construction project process, both 
the project owner and the construction party , designers, suppliers of materials and other 
participants are facing huge risks in the process, so the risk management of the project is 
essential in the management of construction projects. The construction project starts from the 
formal project initiation to the complete completion, and the construction and operation after 
the completion is a complete life cycle. The risk management of the project must be highly 
valued. The investment scale and construction scale of modern engineering projects are larger 
than the future. Therefore, engineering projects have certain risk factors in terms of economy, 
contract, construction quality, safety accidents, and project operation, and the relationship 
between these risk factors is mutual. cross and influence each other. 
Risk management entered the construction industry relatively late. Currently, the application 
of risk management in domestic engineering construction enterprises is very limited. The main 
manifestation is that the management lacks the mastery and application of risk management 
methods and concepts. First, the project management department did not think of setting up a 
risk management department at the site of the construction enterprise; secondly, in the actual 
project management process, there was a lack of systematic planning for the risk management 
system, establishment and operation of the management system; Relevant parties lack the 
evaluation, estimation and control of project risks; finally, project managers pay attention to 
the handling of risk accidents, but lack the awareness of preventing risks in advance. Such a 
situation will lead to the following results: ① During the implementation of the project, safety 
and quality accidents continue to occur, and "accidents" always occur, resulting in problems 
such as cost exceeding the budget, substandard quality or delay in the construction period; ② 
The construction project cannot be completed within the contract period, resulting in The 
phenomenon of delayed or early completion; ③ The frequent occurrence of accidents makes 
the project management team in a state of anxiety, which will lead to the lack of cohesion of the 
management personnel and the decline of the management level. 
At present, the development of underground integrated pipe gallery construction projects in 
contemporary my country is still in the initial stage. The traditional management model of 
"government-led, non-market-oriented operation" in the past is no longer applicable. The 
existing market economy management rules and enterprise operation process management 
systems are not suitable. Standardized and intensive management is low, management 
efficiency is low, and each main department is responsible for its own affairs. Therefore, risk 
management plays an indispensable role in the construction of underground integrated pipe 
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gallery projects, which can better achieve quality, cost and progress. goals, and make the later 
operation management more secure. The risk management of the underground integrated pipe 
gallery project is carried out based on investigation, research and data analysis. The data that 
can be collected at present is still very limited, and enterprises rarely collect, organize and 
analyze the data during the operation of the previous project. Now most of the risk management 
of underground integrated pipe gallery projects is based on experience and subjective 
awareness. 

3. Risk Identification of Underground Integrated Pipe Gallery Project 

Risk identification is an important premise and technical basis for enterprises to carry out 
effective risk management of underground integrated pipe gallery projects[5], an important 
basis corresponding to risk assessment and risk assessment, and an in-depth exploration of 
potential risks of underground integrated pipe gallery. The analysis and induction of project 
risk management methods without the identification of potential risk factors are often blind. 
Therefore, the management purpose of underground risk identification is mainly to make full 
use of a certain risk identification method to find out the potential risk factors that have a direct 
impact on the development of the construction results of the integrated pipe gallery project. 
Since the construction of an underground integrated pipe gallery is a complex large-scale public 
infrastructure construction, the potential risk factors affecting the construction results of an 
integrated pipe gallery project are complex. Therefore, to identify the potential risk factors of 
the underground integrated pipe gallery, it is necessary to combine the internal environment 
with the complex external environment, technical and non-technical, global and local. 

3.1. Methods of Risk Identification 
The identification of the risk of the underground integrated pipe gallery project is similar to the 
identification of risk factors of other general projects, also because the risk factors that cannot 
be completely determined in the integrated pipe gallery project need to be expressed and 
identified through a certain risk identification method. In the process of risk identification, 
firstly, the goal of comprehensive management is further determined, and secondly, the 
important factors and related parties of the underground integrated pipe gallery are further 
clarified, and then the risk analysis data closely related to the development of the project are 
further collected. Conduct an overall risk analysis and prediction, and finally identify potential 
factors and risks in the entire project based on direct or indirect risk symptoms. Tools and 
methods for risk factor identification include checklist, scenario risk analysis method, Delphi 
method, advance risk analysis method, WBS risk analysis method, etc.. The following basic 
methods are briefly introduced. 
(1) Checklist  
A checklist is a checklist used by project personnel to check the many potential risks that may 
occur, and to determine whether the project has the listed or similar risks[6]. The risks in the 
checklist all come from the risks that have occurred in similar projects before, and are the 
results obtained by project managers based on experience. The use of the checklist is beneficial 
to improve work efficiency, save the time of project personnel, and have an enlightening effect 
on project personnel. Due to the particularity of each project, the risk results in the checklist 
are one-sided, and the correlation of risk sources cannot be identified. 
(2) Scenario Analysis (SA) 
Scenario analysis is to use objective data such as curves, graphs, charts and symbols to analyze 
and describe project risk factors in detail, so as to achieve the purpose of project risk 
identification. Using projections of future scenarios, we can analyze the impact of some key 
factors on project risk[7]. 
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(3) Delphi method 
The Delphi method analyzes and predicts the various needs problems raised by the owner 
through experts[8]. After it puts forward its own specific ideas and suggestions on the main 
problem content, it organizes, summarizes and counts the main problem content., and then 
send it to authoritative experts in different fields through an anonymous online feedback 
method. After frequent repetitions, these ideas and suggestions among experts will likely 
gradually become consistent. This method is expensive and time-consuming, and is easily 
affected by the subjective judgment of experts, which in turn biases the recognition results. 
(4) Pre-Analysis (PHA) 
The pre-analysis method refers to predicting and analyzing the types of risks that may exist, the 
causes of risks, and the consequences of risks to a certain extent before the start of each 
activity[1]. This method of predicting and identifying risks can help to take preventive 
measures before activities begin, but people often lack sufficient awareness of the risk factors 
that exist in projects. 
(5) Work Breakdown (WBS) 
The work breakdown method is the process of decomposing the project deliverables, the 
results in the project, into relatively independent, single-content, and easier-to-manage 
components[9]. 

3.2. Risk Identification Process 
In recent years, with the massive construction of underground integrated pipe gallery at home 
and abroad, the research on underground integrated pipe gallery has been launched. This paper 
will use the combination of literature research method and WBS risk analysis method to 
preliminarily determine the risk factors of underground integrated pipe gallery. 
3.2.1. Risk Identification Using Literature Research Method 
After reviewing a large number of literatures related to the risk of underground integrated pipe 
gallery, sorting, summarizing, researching and summarizing them, the results are shown in 
Table 1. 
 
Table 1. Risk factors of underground integrated pipe gallery project obtained from literature 

research 
Risk factor Risk description 
Laws and 
Regulations 

Laws and regulations are not perfect 
in early exploratory stage. 

Planning and 
Design 

Lack of experienced planning and design teams, fragmented planning, and inconsistent 
design. 

Standard Relevant norms are not sound and perfect, the standards are not high, and some norms 
are too dogmatic. 

Management Mode The functional positioning of the comprehensive pipe gallery is relatively vague, and there 
is no unified standard. 

Financing Risk During the project execution stage, the financing and delivery have not been completed, 
making it difficult to continue the project construction. 

Construction Risk Appropriate construction risk and engineering construction risk. 
Feasibility Study 
Risks 

Insufficient market research and unreasonable site selection. 

Worker Awareness Workers lack safety awareness and behave irregularly. 
Social 
Environment 

Involves social land use, social adaptability, social value, etc. 

Market Risk Increase in labor costs, adjustments in material costs, etc. 
Return Risk Different charging standards, low enthusiasm for entering the corridor. 
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3.2.2. Risk Identification Using WBS Method 
Due to the characteristics of the long construction period and many participants of the 
underground integrated pipe gallery project, after a comprehensive analysis of the relevant 
literature, the WBS method is used to decompose the underground integrated pipe gallery 
project into the decision-making stage of the underground integrated pipe gallery, the 
underground integrated pipe gallery according to the project life cycle. Construction stage, 
underground integrated pipe gallery operation stage. 
(1) Decision-making stage of underground integrated pipe gallery project 
The project decision-making stage is to study the investment feasibility and construction 
feasibility of the project, as well as the overall evaluation and decision-making of the project. It 
is an economic and technical demonstration of the proposed project, and an economic and 
technical comparison of different schemes according to specific circumstances. It is necessary 
to collect relevant data, combine the existing information, conduct a feasibility study, and 
determine the feasibility of the project, and then evaluate and make decisions on the project. 
(2) Construction stage of underground comprehensive pipe gallery project 
The construction phase of the project is mainly about the project site survey, project design and 
project construction. Due to the particularity of the underground integrated pipe gallery, its 
lines are often relatively long and generally span different geological regions. Therefore, the 
authenticity and reliability of the site survey results have a greater impact on the design and 
construction quality. 
(3) Operation stage of underground integrated pipe gallery project 
The main tasks in the project operation stage include the entry of underground integrated 
pipelines into the corridor, the operation and management of the underground project, and the 
transfer of the entry into the corridor to the relevant government departments after the expiry 
of the concession period. The entry fee for the construction of the underground integrated 
pipeline and its operation and management fee are paid by the pipeline unit entering the 
corridor, which is one of the main sources of income for the underground integrated pipeline. 
Since most of the underground integrated pipe corridors are currently constructed through the 
PPP model, they will be handed over to the government when the franchise right granted 
expires. 
This paper completely relies on the life cycle of the underground integrated pipe gallery project, 
and decomposes it into investment development opportunity analysis research, feasibility 
study, project investment risk assessment and feasibility study. It consists of nine parts: 
decision-making, project engineering survey and design stage, project engineering design stage, 
project construction stage, integrated pipe gallery entry, integrated pipe gallery operation and 
management, and comprehensive pipe gallery transfer, and then risk identification is carried 
out in the nine parts in turn. 
(1) Risks in the decision-making stage of the underground integrated pipe gallery project 
1) Approval risk of underground integrated pipe gallery project. The main reason for this risk 
is that before the construction of the underground integrated pipe gallery project, the project 
cannot be reported in accordance with the relevant national regulations or procedures and 
approved by the relevant departments before the start of construction, such as environmental 
protection and energy conservation, construction impact assessment. 
2) Land acquisition risk. Since the underground integrated pipe gallery integrates various 
engineering pipelines such as communication, gas, electricity, heating, water supply and 
drainage, it will inevitably involve the use of construction land, mainly referring to who obtains 
the right to use construction land and how to obtain the right to use it. The issue of land 
demolition and resettlement in the future. 
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3) Risks related to relevant laws and regulations. The risk of this problem is mainly that the 
relevant laws and regulations on the development of underground space and the construction 
of comprehensive pipe gallery are still incomplete, which makes a series of problems such as 
underground development and rational use of space, property rights of underground 
comprehensive pipe gallery, cost allocation and charging management mechanism. There is no 
unified law and standard, and it may also involve a series of issues such as the legitimate 
interests and power of monopoly industries. The above situations will not only lead to conflicts 
between contract terms and government policies, but also increase the negotiation risk of the 
underground integrated pipe gallery project, making construction and operation more 
uncertain. 
4) Financing risk. This risk is mainly manifested in the rapid changes in the domestic financial 
market. Due to the influence of the government's macro policies, inflation, changes in interest 
rates and exchange rates, and constant changes in price levels and other factors during 
construction and operation, it may lead to increased construction costs and reduced yields. 
5) Feasibility study risk. The risks mainly include insufficient market research, unreasonable 
site selection and failure of comprehensive evaluation results. 
(2) Construction stage of underground comprehensive pipe gallery project 
1) Project investigation risk. The construction of underground integrated pipe gallery involves 
a long-distance construction land quality problem, because in the city, people's activities are 
complex, and there are some special circumstances underground, and it needs to traverse 
different geological areas. Therefore, the professional requirements of the survey personnel are 
relatively high, and many factors are considered. The survey results directly affect the cost, 
quality, progress and other goals. 
2) Project design risk. The pipeline engineering design unit of the underground comprehensive 
pipe gallery project entrusts its pipeline to a design management unit that meets its 
qualifications for design, which provides a basis for the complexity of the project construction. 
The main sources of project design risk and construction risk are insufficient design 
qualifications and insufficient design capabilities. Due to the complexity of the design of the 
underground integrated pipe gallery project, it may directly cause potential risks such as 
general omissions, errors, and defects in the design process. Risk, without considering the risk 
of construction possibility. In addition, there is also the risk of unexpected events in the design 
process, such as changes in government requirements, new proposals from project companies, 
changes in pipe gallery planning, etc. 
3) Construction risks. The construction stage is a necessary stage for the formation of an 
engineering entity. The underground integrated pipe gallery project needs to be carried out on 
a large scale underground, and it is inevitable that there will be risks of various engineering 
intersections. In the process of design and construction, there may be foundation pits in some 
stages. There are risks such as water seepage, unstable slope inside the foundation pit, and 
deformation of the enclosure structure, so the technical requirements are relatively high. At the 
same time, the construction technology stage is also the stage with the most cost and the longest 
period in the project. It is particularly important to comprehensively identify the risks in the 
construction technology stage. The risk of project team construction mainly includes the risk of 
project team organization, management risk, construction technology risk, schedule risk, cost 
risk and risk affecting construction quality. The risk of the project team organization refers to 
the major risks in the arrangement, work flow and work division of the project management 
personnel of the construction unit. A good construction project management team plays a vital 
role in ensuring smooth construction. The risk of organization and management mainly refers 
to the guarantee of personal safety of the construction unit, the ability to respond to 
emergencies, the prevention and management of construction risks before the accident, and 
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the emergency treatment after the accident. The risks of domestic construction specifications 
and technologies mainly refer to the fact that some relevant domestic construction technical 
specifications are not standard enough, and some construction technical specifications are too 
general or dogmatic. Both old and new construction technologies have their limitations, and the 
most suitable construction specification and technology must be selected according to the 
specific work situation. The risks of schedule, cost, and risks affecting construction quality are 
mainly from the feasibility of the project design stage that has not been fully considered, 
changes in the project, the risk of natural force majeure, the default of subcontractors or 
suppliers, and the quality of the project. less than acceptance criteria, etc. 
(3) Operation stage of underground integrated pipe gallery project 
1) The risk of entering the corridor. The risk is mainly that the state does not have mandatory 
access to corridors, and most pipeline units lack enthusiasm. If the corridor is re-entered now, 
the existing pipeline needs to be dismantled, which will not only bear the construction cost, but 
also pay the operating cost. 
2) Earnings risk. The main source of operating income of the underground comprehensive pipe 
gallery is the premise that the construction and operation unit of the underground pipeline 
project pays itself according to the needs, the payment of the entrance fee and the later 
operation and equipment maintenance fee. However, since many units do not have access to 
corridors, there will be demand risks. The most important thing is that there is currently no 
standard entry standard for corridor entry. 
3) Manage risk. This risk is mainly due to the imperfect management system of the franchise 
company, the lack of experience of management personnel, and insufficient implementation, 
which will affect the later operation, the risk of maintenance fees due to rising market price 
fluctuations, and the inconsistency of each entry unit with each other. Risk of increased costs 
due to coordination. The government can assess the company's operating capabilities during 
the company's operation period, and if it fails to meet the requirements, it can propose to 
terminate the operation license. 
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