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Abstract: With the goal of achieving carbon peak and carbon neutrality, this paper studies the carbon effect of agricultural
land remediation. In this paper, the carbon effect mechanism and calculation method of land consolidation, the proposed
national carbon peaking and carbon neutrality goals, and the requirements put forward by agricultural land consolidation
followed were analyzed. Then, the application research on the carbon effect accounting of agricultural land consolidation was
conducted. Besides, the application process of carbon effect accounting of land consolidation with the goals of carbon peaking
and carbon neutrality. Therefore, we hope this study will play an effective role to advance the carbon effect research in the

regulation of agricultural land.
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1. Introduction

Climate change caused by greenhouse gas emissions has become a major challenge for human development
that needs to be addressed. In September 2020, China has put forward the goals of 2030 carbon peak and
2060 carbon neutralization, and at the same time introduced the carbon peaking and carbon neutrality goals
into the overall layout of ecological civilization construction. In order to achieve carbon peaking and carbon
neutrality, all sectors of society need to be actively involved, including industry, agriculture, land
governance, and so on. Therefore, by exploring the carbon effect from agricultural land remediation, it will
be effective in promoting the implementation of the carbon peaking and carbon neutrality goals.

2. Mechanism and accounting method of carbon effect of land remediation

(1) Carbon effect mechanism of land remediation
The carbon effect mechanism of land remediation is to comprehensively improve the area and quality of
effective cultivated land and optimize and improve land production conditions by using a series of
technologies such as land leveling technology, irrigation technology, drainage technology, field road
construction, farmland protection technology and ecological environmental protection !, Based on the
analysis of the carbon effect mechanism of agricultural land remediation, its carbon effect is mainly
reflected in the three dimensions of project implementation, land structure and land use ! The
implementation of the carbon effect of the project is to change the regional land use structure through
effective land remediation, and reduce the disturbance of external factors to the land carbon balance from
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the perspective of ecosystem [*!. The carbon effect of land structure is based on the regulation of land,
which effectively develops a series of low-efficiency land plots in the region, such as wasteland, ridges,
barren pits and ponds, effectively adjusts the structural layout and spatial layout of land use, and realizes
the transformative carbon effect. The carbon effect of land use is to realize the scale and mechanization
of land use through effective regulation according to the land characteristics, promote more mature
production conditions, and significantly improve the supporting production functions such as farmland
transportation, protection, irrigation and drainage .

According to comprehensive analysis, the regulation of agricultural land is based on the
regulation of agricultural land. After the project is approved, based on the leveling project, irrigation
and drainage project, farmland protection project and road construction, the carbon effect of three
dimensions of land structure change, project implementation and land use mode will be finally
realized 11,

(2) Carbon effect accounting method.

First of all, for the calculation of the carbon effect of the project implementation, it is necessary to
confirm the carbon source nodes in the project implementation stage, that is, the consumption of steel
materials and cement materials in the construction stage, and the energy consumed in the construction
stage, such as electric energy, water resources, gasoline, diesel, etc. The carbon emission of production
materials and energy consumption can be calculated based on the material balance algorithm, that is, the
consumption of materials and energy consumption are multiplied by the corresponding carbon emission
coefficient, and the calculation expression is as follows:

Cp =Xj=1E + fj (D

In equation (1), C, is the carbon emission generated by material consumption and energy
consumption during the construction stage of agricultural land remediation project, with the unit of
kg. .E; refers to the usage of different energy and materials, and the unit is kg.Then f; refers to the
carbon emission coefficient during the consumption of various materials and energy

Secondly, in the calculation stage of carbon effect of land structure, the carbon reserves of
different land use types can be calculated based on soil carbon reserves and vegetation carbon reserves.
The calculation is based on the carbon density of soil and vegetation combined with the area of different
land use types. The calculation expression is as follows:

Cs = (Csfinal - CSfinaz) =Yie1 Li(Si+ P) )

In equation (2), Cs, Cs fin and Cg, ..

.y are the changes of total carbon reserves in the project

al

area before and after the regulation respectively. The other reserves in the project area after and before
the regulation, both use the unitkg. L;, S; and P; are the area changes of I land use types before and
after remediation, soil carbon density and vegetation carbon density of I land use types, respectively.
The units are m?, kg/m?, kg/m?

Finally, the carbon effect of land use is calculated mainly based on the economic output of crops,
the average economic coefficient and water content of major crops, and then combined with the carbon
absorption of crops. The expression is shown in equation (3):
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Ciabsorption H; * fiabsorpt:ion (3)

In equation (3), C; represents the carbon absorption of class I unit crops, in kg/kg, W;

absorption

represents the average moisture content of class I unit crops, and the unit is in %. H; represents the
economic coefficient of class I crops, the unit is in %. The carbon emission of crops per unit yield is
calculated by equation (4):

= Ciq + Cip “4)

lemission

In equation (4), the carbon emission per unit crop of class I is C; and the unit is kg/kg.

lemmision’®

Ciq and C;;, are respectively the carbon emissions of class I unit crop production stage and ecosystem,
both in kg/kg. Combined with the above equations 3 and 4, the carbon sequestration and carbon
emission per unit output of different crops in agricultural land are calculated. At the same time, based
on the annual change value of carbon net sink before and after the land remediation project, the carbon
effect after the transformation of the utilization mode of excavated land can be comprehensively
reflected. The calculation expression is shown in equation (5):

Cg = ?=1 Yl (Ciabsorption + Ciemission) (5)

In equation (5), the change value of annual net carbon sink before and after land remediation is
Cy, and the change value of annual economic output of class I crops after land remediation is Y;, and
the unit is kg.

2. Requirements for agricultural land regulation in order to achieve carbon peak and carbon

neutrality

(1) The connotation of the carbon peaking and carbon neutrality goals
The “Global Warming Of 1.5°C Special Report” released by Intergovernmental Panel of Climate
Change (IPCC) pointed out that if we are unable to control the pace of global warming to 1.5 °C, the
climate will continue to deteriorate, at that time, a large amount of natural systems function, structure
degradation, will produce a permanent shift after the break through the threshold. However, the current
voluntary emission reduction sharing submitted by all countries in the world may not be able to
implement the target proposed in the Paris Agreement !9, Because of this, China has made a
commitment to achieve carbon peak and carbon neutrality. In order to effectively and truly contribute
to China's efforts in global climate governance, China's relevant functional departments began to
rapidly adjust and transform the energy structure and industrial structure, and boost the research and
development of low-carbon technologies, in order to achieve carbon peak and carbon neutrality by
2030 and 2060 1L

(2) Path to achieving “double carbon” goal from the perspective of land regulation
From the perspective of land consolidation, the path to achieve the “double carbon” goal includes four
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directions: agricultural land consolidation [*], the consolidation of construction land, the protection and
restoration of rural ecology, and the protection of rural history and culture °!. In 2019, the Ministry of
natural resources issued the document “Notice on Carrying Out Comprehensive Land Remediation
Throughout the Region”, which clearly pointed out two “5% requirements,” namely: the area of new
permanent basic farmland should not be less than 5% of the adjusted area; the area of new cultivated
land in the remediation area should not be less than 5% of the original cultivated land area; as well as
providing clear guidance on the increase of cultivated land area; and the centralized remediation of
fragmented cultivated land '],

Analysis on the relationship between carbon peaking and carbon neutrality goals and agricultural land
regulation.

The special report on global warming of 1.5 °C issued by IPCC points out that agriculture, forestry and
other land use activities have played an effective role in achieving global warming below 1.5 °C,
slowing land degradation, protecting biodiversity, restoring ecosystem functions and developing
sustainable agriculture ['!l. In 2018, TNC Nature Conservation Association found in its research that
ecosystem restoration and protection for farmland, forests, grasslands and wetlands can effectively
achieve the goal of controlling global warming up to 2 °C in the Paris Agreement, and can contribute
37% to the mitigation potential of climate change. Land use and land management greatly affect the
emission level of greenhouse gases ['?. Some scholars pointed out that the reduction of cultivated land
area and the transformation of a large area of cultivated land into construction land will increase carbon
emissions and reduce the carbon sequestration capacity of the ecosystem. Therefore, increasing the area
of cultivated land and regulating agricultural land can effectively reduce carbon emissions, improve the
soil organic carbon content and carbon sequestration capacity, and increase green carbon sink 31,

3. Research on the application of carbon effect accounting of land remediation under the carbon peak
and carbon neutrality goals

(1)

2)

Basic data processing of carbon effect calculation of land remediation

During the calculation of the carbon effect of land remediation, it is first necessary to sort out the
regional data of the land remediation project, including the collection of engineering materials and
energy consumption data in the land remediation project. At the same time, around the project budget,
the quantities, energy consumption of machine shifts, and unit price of construction materials are
classified item by item, and the carbon emission coefficient of the whole region is calculated based on
the calculated materials and energy consumption. After data processing and collection, the carbon
effect of project implementation, land structure and land use can be calculated in combination with the
carbon effect calculation method of land remediation in Part 1 of this paper.

Calculation and analysis of carbon effect of project implementation

Combined with the carbon effect ¢ method from the perspective of the implementation of the former
cultural and industrial agricultural land remediation project, on the basis of understanding the regional
carbon emissions and carbon sinks of the agricultural land remediation and construction project, and
mastering whether the agricultural land remediation and construction area is in the state of carbon
source, first, it is necessary to calculate the carbon emissions consumed by the construction materials
such as cement, steel and wood in the implementation stage of the project, and calculate the carbon
emissions caused by the energy consumption of electricity, diesel, gasoline and so on. Secondly, based
on formula calculation, it is necessary to analyze the carbon emissions of land leveling, irrigation
projects and drainage projects from the dimension of project category, and master the carbon emissions
of field road construction projects. Lastly, it is necessary to calculate the carbon sink of farmland
protection projects, and analyze the amount of carbon emission offset achieved by farmland protection
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projects. Table 2 shows the calculation results of carbon effect from the perspective of project
implementation in a certain agricultural land remediation project:

Table 2. Carbon emissions of construction materials and energy consumption of an agricultural land remediation

project
Material Steel . Electric Diesel .
Type of work . Cement Gasoline Glass . Lime
Science products energy oil
. Carbon
Land leveling L 0 0 0 0 0 1272 0
emissions
Irrigation and Carbon
; o 1494 3792 124 432 3 197 50
drainage work emissions
. Carbon
Field road works o 0 1144 0 16 0 61 0
emissions
) Carbon
Farmland protection o 0 0 0 0 0 0
emissions
Total carbon emissions 1494 4946 124 448 3 1530 0

As shown in Table 2, based on the calculation formula in Part 1 of this paper, the carbon emissions
of construction materials and energy consumption of an agricultural land remediation project are
obtained. In this project, irrigation works and drainage works have the highest carbon emissions, and
field road works have relatively serious carbon emissions in terms of cement consumption [14],

(3) Calculation and analysis of carbon effect of land structure
The carbon effect of land structure is the impact on the regional carbon balance after the change of land
use structure. Based on the calculation method in the first chapter of this paper, we can get the increase
of agricultural land, the decrease of construction use, the decrease of water areas dominated by rivers and
ponds, and the decrease of unused land under the background of agricultural land remediation projects.
Finally, combined with the calculation formula, we can master the increase level of carbon reserves under
all land use types, including cultivated land area, irrigated land area, dry land area, farmland roads, ditches,
ridges and pond water surface changes in carbon storage caused by changes in grassland area. Generally,
the increase of cultivated land area will bring the most significant effect of increasing carbon reserves,
while the decline of land use structure such as water area, grassland and unused land will also increase
carbon reserves to a certain extent.

(4) Calculation and analysis of carbon effect of land use
After the implementation of the remediation project, the following analysis can be carried out under
different land use based on the calculation formula in the first chapter of this paper. At present, under the
background of agricultural land regulation, the main land use will be according to different regional
climate environments, thus plant different crops to achieve the carbon effect goal, and different land
structures will usually adopt different uses. In the middle region of China, the rice <> wheat crop rotation
form is usually used under the paddy field structure, and the dry field structure and irrigated land structure,
which usually uses the wheat <> wheat crop rotation form.

Generally speaking, the exertion of carbon effect is not only expressed in terms of carbon sink, but
also reflected based on the increase of crop yield. For example, after the remediation of agricultural land
in rural areas of a province, the annual net carbon sequestration was 23088 t before the remediation, and
after remediation, the annual net carbon sequestration was increased to 28547 t. When rice <> wheat
rotation was used in paddy field and wheat <> rape rotation was used in dry field and irrigated land, the
yield of rice, wheat and rape was significantly increased after the remediation, and the yield of rice was
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increased from 8201kg/hm? before the remediation to 8944kg/hm? after the remediation. The single yield
of wheat increased from 3970kg/hm? before the regulation to 5740kg/hm? after the regulation, and the
single yield of rape increased from 1670kg/hm? before the regulation to 2280kg/hm? after the regulation,
which fully indicates that under the background of agricultural land regulation, reasonable choice of
utilization methods will also obtain different carbon effect harvest 131,

4. Conclusion

Irrigation and drainage projects account for relatively high carbon emissions in agricultural land
remediation projects, and the use of construction materials such as cement and steel is the main source of
carbon emissions. Increasing the area of cultivated land can effectively increase the carbon storage of
regional agricultural land and the annual net carbon sink of the region. In addition, different ways of land
use after land remediation will produce different carbon effects. Therefore, this paper suggests that our local
governments should speed up the process of land remediation in rural areas to effectively to achieve the
dual carbon goal.
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Abstract: Prefabricated building is an important building development mode at present. It can improve the development
speed and production efficiency of the construction industry, reduce the labor intensity of construction, play an important role
in the development as well as the modernization of the construction industry. Due to the late development of prefabricated
buildings, the talent training of prefabricated buildings lags behind, causing the development of prefabricated buildings to not
achieve its required target. Therefore, the characteristics of intelligent construction need to be incorporated, the education of
prefabricated buildings needs to be reformed, the education regarding digital management of prefabricated buildings should

be improved, and more professional talents should be nurtured.
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1. Introduction

With the development of national economy, science and technology, and the strategic goal of sustainable
development, prefabricated building construction has become an important development direction in
current architecture. Prefabricated building construction promotes the scientific and mechanized
development of construction engineering and provides a greater driving force for the development of the
construction industry. Colleges and universities also need to keep pace with the development of the
construction industry and improve the training of prefabricated construction talents. Especially in the
context of intelligent construction, digital management courses should actively be developed based on
prefabricated construction projects according to the latest needs of the current construction industry, so as
to provide corresponding talent teams for prefabricated construction projects under intelligent construction.

2. Connotation of digital management of assembly type construction project under the background
of intelligent construction

2.1. Intelligent construction

With the proposal of the strategic goal of “made in China”, it was proposed the strategy of building a strong
country. The construction industry also integrates the latest development of modern technology into
construction, make full use of network and digital technology to form intelligent buildings, and change the
traditional extensive management mode. Intelligent building refers to the digitalization of all elements in the
building. Intelligent building promotes the digitalization of the project through network interaction,
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modeling and large-scale calculation, and realizes the integrated development of construction project
planning, design, construction, operation and maintenance ). In this way, it provides green and intelligent
building services and building models to the owners.

2.2. Prefabricated construction project

With the development of economy, China’s construction industry has entered a new stage of development,
which provides a huge driving force for the development of the national economy and also promotes the
further development of related ancillary industries. However, with the increase of cost of labor, the
deterioration of ecological environment and the increasing pressure of market competition, the traditional
extensive construction method cannot meet the current development of the construction industry. In order
to enhance the core competitiveness of construction enterprises, the construction industry continues to
innovate new construction mode in order to further the development of prefabricated buildings.
Prefabricated buildings emphasize the standardization and integration of design, and transfer the
construction of basic accessories in traditional buildings to factories for processing. For example, the
balconies, floors, stairs, and other parts of the building are assembled and connected after being transported
to the construction site. Because the components of prefabricated buildings are processed in factories, the
use of standardized equipment can ensure the standardization of component processing and improve the
production efficiency of components. Besides, mass production can also reduce processing costs. Therefore,
with its own development advantages, prefabricated architecture has become an important form in the
current social development. However, there are still some limitations in the application of prefabricated
buildings in China. Prefabricated building is the mainstream trend in the current development of the
construction industry, which meets the development requirements of the construction industry. With the
development of industrialization of construction, prefabricated buildings are gradually becoming popular.
However, from the current implementation of prefabricated buildings, industrialization and process development are
relatively slow, and the digital management mode has not yet been formed. It is still necessary to further the technical
research and effectively solve various problems in the development and application of prefabricated buildings
through the development of intelligent buildings .

2.3. Digital technology

Digital technology refers to the use of network technology, computer technology and other information
processing and computing to ensure the efficiency and accuracy of information analysis. Digital technology
can facilitate the transformation of all kinds of information to digitalization and form a digital management
model. Digital technology is a type of virtualized program based on computer and network technology. At
present, the digital technology of prefabricated buildings mainly focuses on building information modeling
(BIM) technology, forming the construction of a full life cycle system, promoting information sharing, and
making the prefabricated buildings fully apply the Internet of things (IoT) technology and intelligent
technology for improvement. The digital assembly building mainly aims at BIM design, precision
measurement and control, mechanical installation, information management and so on.

3. The principle and necessity of digital education of assembled building projects under the
background of intelligent construction

3.1. Principles of digital teaching of prefabricated construction projects

In the education of prefabricated building projects, it is necessary to ensure uniformity in the design of
syllabus. From the current situation of project-based teaching of prefabricated building construction in
China, a systematic project-based teaching will be required, including aspects of project selection, design,
participation in implementation and evaluation. At the same time, corresponding standards needs to be set
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for each lesson to ensure that the teaching of each lesson is factual and based on evidence. Besides fairness
and impartiality of teaching needs to be ensured, which will be conducive to the teaching evaluation.
Secondly, the project-based teaching of prefabricated building construction needs to ensure the scientificity
of the project. The quality of prefabricated construction project teaching directly affects students’ theoretical
study and development of professional skills. In the prefabricated building project, the rationality of the
design needs to be and the relevance of the project to the teaching content need to be ensured, so that
students can apply the knowledge in the classroom and expand students’ thinking and ability through project
participation ],

3.2. The necessity of digital education of assembled building projects under the background of
intelligent construction

Construction industry is an important industry in the development of our national economy, which directly
affects the level of national economy and the development of upstream and downstream industries. Through
the survey of China’s gross national product, the proportion of construction industry is close to 25%, which
shows that construction plays a vital role in China’s economic development. However, there are still some
flaws in the development of China’s construction industry, such as outdated construction methods,
traditional management concepts and high labor-intensity. At the same time, the construction industry is
also a relatively heavy pollution industry in China. Therefore, the construction industry needs to focus on
labor intelligence and digitalization, make full use of the development opportunities of the industrial
revolution, formulate the development goals of intelligent manufacturing based on the national conditions,
improve the traditional production mode of the construction industry, and improve the construction
productivity. However, the transformation process from traditional buildings to intelligent construction is
difficult, and talents are an important support to promote this transformation. Therefore, intelligent
buildings have higher requirements for talents. However, due to the late development of intelligent
buildings and prefabricated buildings in China, and the development of various fields are composed of
multiple disciplines, including engineering, management, architecture and other disciplines. In recent years,
the number of colleges and universities offering Engineering Management Majors in China has been
increasing. In light of the development of intelligent buildings, it is also necessary to reform the digital
teaching of prefabricated buildings and upgrade classroom teaching systems. With the arrival of intelligent
construction era and the development of digital prefabricated buildings, it is necessary to optimize talent
training and increase innovation in teaching mode.

4. Education system of digital management of prefabricated construction projects

4.1. Clarify the construction objectives of the teaching system

The digital management of prefabricated construction projects emphasizes that in the construction project
management, it is necessary to combine all construction links, make use of network technology, computer
technology and other information technology means and teaching methods, improve the construction
project management ability, promote the communication between all participants in the construction project,
and reasonably control the construction cost. It is necessary to promote the coordinated development of
construction project management, so that prefabricated construction projects can achieve efficient, high-
quality, green development, and be further popularized. Therefore, in the teaching of prefabricated
architecture in colleges and universities, it is necessary to emphasize on developing the students’ practical
ability. Based on the current situation of assembly teaching in colleges and universities, the focus is mainly
on theoretical and conceptual content, which leads to the lack of working ability and innovation of students
after graduation. In order to improve the digital management teaching system of prefabricated construction
projects, it is necessary to analyze from multiple angles and innovate the integrated, visual and network
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technology teaching of prefabricated construction projects. It is necessary to effectively solve the problems
of design, production, assembly and management in the construction production, and provide multi-
dimensional and multi angle data information for the project work. It is necessary to ensure smooth
implementation of various management works of the project and the effective implementation of
management objectives, strengthen the sharing and transmission of information in project management,
and ensure the improvement of assembly construction project management efficiency [*!. In addition, the
digital teaching platform can be used as an important auxiliary tool in the digital project teaching of
prefabricated buildings. The effective combination of project cases and information tools through visual
simulation teaching methods and teaching means is conducive to changing the problems of unscientific
teaching methods and non-ideal means of teaching in the traditional prefabricated building teaching.
Besides, it stimulates the students’ interest in learning, and improves the boring teaching atmosphere in
traditional classroom teaching. In addition, it also allows students to carry out on-site operation in practice
which was not possible previously.

4.2. Construction of digital management system organization for prefabricated construction projects
4.2.1. Information system
The construction of digital management system of prefabricated construction project includes information
system, project display and data interaction system. Firstly, in the construction of prefabricated building
management information system, cloud platform and mobile apps are the main information management
carriers. In the cloud platform, the project information management is taken as the main reference for the
system construction. The system needs to improve the analysis and maintenance of the basic information
of the project and the data of construction materials, so as to better connect and integrate the information
of each project stage, and optimize information management of the whole construction project process.
BIM technology mode is applied to compress and restore data, so that the management mode can achieve
lightweight development. Web pages and web browsers can be used to browse and analyze the floors and
components of the building model from multiple angles to understand the information content of each
component . After completing the production of components, manufacturers should mark each component,
so that each component can generate a two-dimensional code as the identification of components, which is
conducive to the understanding and positioning of component information by users in all links of
components. The teaching reform of this part is conducive to stimulate students’ awareness of practical
innovation, and can apply modern technical means to strengthen management innovation [%. At the same
time, component subscribers can also view the list and parameters of components through the cloud
platform. Component manufacturers can input the production time, specification, completion time and other
information of components through the cloud platform. In addition, the BIM model can also be used to
visually observe and statistically analyze the progress of the project, display the status of components, and
form a visual engineering progress observation system according to the planning requirements of
prefabricated construction projects and the actual production progress of components. Through the
construction of BIM model, the investment situation, project construction technology, payment amount, etc.
in different stages of the project are limited [”). It is necessary to build a professional knowledge base to
collect, sort, classify and index various data of prefabricated building components, so as to form automatic
deletion projects and preview and download documents . Personnel, authority, and responsibilities can be
allocated accordingly through the information management of institutions, personnel, processes and logs.
Combined with the form of enterprise collection management, the branches of enterprise structure can be
determined. Besides, the students’ understanding of the content of construction enterprise management and
the application of modern technical means can be improved.

The construction of mobile app mainly focuses on the application of logistics and warehousing. By
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scanning the QR code of components, the information of components is directly transmitted to the cloud
platform, and other related personnel can query the component information by logging in to the app. After
the components are transported to the construction site, the material management personnel need to start
the QR code for warehousing scanning, so that the status of components can be known by scanning the QR
code in the later component application. After the installation of components is completed, it is necessary
to scan the supervision QR code again to confirm that the components have been installed. The construction
progress and overall image of the project can be queried through the QR code.

4.2.2. Project display system

The assembled project display system adopts the way of large screen simulation, and operates the system
through login account and password. Students can conduct system simulation operations in combination
with their assigned roles, and do a good job in data collaboration and data connection in all aspects
according to the business development process. According to the requirements of prefabricated buildings,
students are divided into different roles such as design department, construction department, component
manufacturer, construction unit and transportation unit to carry out the actual operation of the project.
Students can simulate the path and set coordinate points by themselves through Baidu map. Then, they can
use GPS navigation equipment to simulate and analyze the logistics situation, forming a simulated dynamic
tracking system 1.

4.2.3. Data interaction system

In the teaching of digital management of prefabricated construction projects, data exchange can be realized
through the construction of cloud platform and related apps. Web service technology can be used to transmit
data, and protect data through encryption algorithm to prevent data from being intercepted in the digital
management system of prefabricated construction projects. The data interaction includes the data of
component production progress, logistics and quality inspection. It is necessary to guide students to find
data information through the software platform, and make project planning in combination with the data
information 1%, Revit model can be combined with app to convert data format, lighten the model and
transfer data. It is displayed on the software and cloud platform for users, so that users can log in to the
system anytime and anywhere to view. Different systems and software can also be used through format
conversion to avoid affecting the efficiency of information transmission due to incompatibility. It is
necessary to use diversified systems and software to expand students’ project development ideas.

5. Conclusion

In conclusion, the digital management of prefabricated building projects in the context of intelligent
construction provides strong technical support for the development of the construction industry, improves
the production efficiency of prefabricated buildings and reduces costs. It can realize the visualization and
dynamic management of the project. The teaching of digital management of prefabricated construction
projects in colleges and universities should be in line with the current development status of the construction
industry, make full use of digital technology, cloud platform, visualization technology and other simulated
teaching environment, provide convenience for project-based teaching, and help students master the most
advanced construction technology.
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1. Introduction

With the implementation of energy protection strategy and environmental protection issues, the overall
development requirements of the construction industry are more stringent. The fabricated structure reflects
the characteristics of high-quality engineering quality, strict and accurate cost control, which can effectively
reduce the energy consumption in the overall construction of the construction industry. It is an environment-
friendly building model. With the application and development of fabricated structure, the whole shows
certain defects [!!. The issue of long construction period and difficult construction of the project occur
frequently. In addition, the project cost has increased significantly, and there has been excessive waste of
resources. The traditional construction technology is gradually replaced by the high-quality prefabricated
building structure '*. Based on the above difficulties, applying BIM Technology to the process of
prefabricated structures can effectively reduce the original defects of prefabricated structures and increase
the quality of prefabricated structures. It is necessary to constantly study the characteristics of BIM
technology, enhance the application effect of fabricated structure, reduce material resource waste and
pollution, and effectively improve the overall application efficiency .

1.1. Introduction of BIM technology

BIM technology is a type of information technology that builds digital information modeling based on
building information. Based on the integration of various information and data of the construction project,
the information is simulated into visual information data through digital technology, which is combined
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with three-dimensional model and database to form a comprehensive model. BIM technology presents
various building information in the form of parameters through model construction, which is convenient
for construction workers to analyze, manage, coordinate and control the construction process, so as to
improve the professionalism, reliability and accuracy of construction. As for the construction of fabricated
structures, BIM technical data is used to comprehensively control the information of the construction
project, optimize the design scheme, construction technology, accessories and facilities, and manage the
whole process of the construction site. In addition, by improving the rationality of building indicators, we
can improve the quality and efficiency of building construction . Through the application of BIM
technology, integrating the data information related to the construction, analyzing various information
required for the construction of the construction project, and building the relevant digital information model,
the simulation model of the whole construction project can be formed. BIM technology mainly presents the
main functions of coordination, simulation and optimization. Based on the overall characteristics of BIM
technology, according to the actual construction situation, the layout of construction personnel can be
optimized, and the construction of parts prone to collision can be adjusted during the construction process.
In addition, the construction method is improved by simulating the construction process. BIM Technology
can create drawings and mark key points of building construction to select appropriate building construction
methods *! to conduct risk analysis on the formed building model to ensure the safety and reliability of
building construction, prevent possible accidents in building construction and reduce the incidence of
emergencies.

2. Application of prefabricated structure construction technology based on BIM technology

(1) The combination of BIM technology and construction simulation.
According to the construction scheme of building structure, we can quickly formulate effective
engineering solutions. Before implementing the construction scheme of the prefabricated project, BIM
technology can be used to conduct comprehensive dynamic analysis and simulation of the construction
process, so as to timely find the possible quality problems in the whole process ). It is necessary to use
BIM technology to build the prefabricated bridge engineering model system, optimize the specific
modeling parameters of the prefabricated bridge engineering components, and simulate the bridge
engineering and construction work more accurately. In the simulation of the hoisting construction process
of prefabricated bridge components, the whole process of design and construction can be directly
simulated in combination with the hoisting process planning. It can formulate and provide reasonable
guidance for the implementation of subsequent hoisting construction. In the process of final assembly
design, it is necessary to consider the influence of various technical factors such as the rotation of tower
crane components, the range of curvature radius, transportation speed, operation route and so on, so as to
ensure the perfect connection of various technical factors 7). By simulating the size and construction work
of the main components of the bridge, the process defects in the existing construction plan can be detected
the existing plan can be improved. In the construction of hoisting engineering, material transportation,
loading and hoisting are important nodes of prefabricated bridge engineering. The radius of rotation of
tower crane equipment, the expansion and reinforcement of loading site facilities, and the optimization
of material transportation vehicles are important because the transportation route affects the layout and
management of the construction site, thereby affecting the overall construction operation 3. Based on the
optimization of these key nodes, the construction links in the whole installation and construction process
are closely coupled to ensure efficient installation and construction. The construction unit should utilize
BIM technology, quickly establish a scientific and complete construction site model, and conduct a
detailed and reasonable quantitative analysis of the data such as the use of construction materials on the
project site.
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(2) Improve the accuracy of prefabricated parts production.
There are limitations in the conventional design method, which cannot accurately and comprehensively
present the information of relevant parts, which subsequently brings inconvenience to the subsequent
prefabrication construction and directly affects the installation progress. In order to effectively improve
the production quality of prefabricated components of prefabricated buildings, it is necessary to introduce
BIM technology, establish BIM model of insulation wallboard, internal reinforcement layout of
prefabricated components, prefabricated electromechanical pipelines, prefabricated embedded parts, and
more. The optimization of components and the overall accuracy of the design ensure the quality and
efficiency of the subsequent processing and production of prefabricated components ). In the actual
production and processing of prefabricated components, manufacturers can obtain the specific processing
information of prefabricated components according to the BIM model of prefabricated buildings, and
process and produce according to requirements to ensure the maximum utilization of resources. In the
actual development and construction of prefabricated construction projects, a large number of
prefabricated components must be processed and manufactured in factories. In the production process of
prefabricated components, the corresponding prefabricated components according to the construction
progress of prefabricated buildings must be manufactured and produced in time, so as to reduce the cost
of prefabricated site therefore reducing construction cost. In order to achieve the expected construction
goals, BIM technology should be applied. Besides, with the support of BIM model, the production process
of prefabricated parts must be optimized, and the cooperative factories must be guided to strictly
implement the production plan. Prefabricated construction projects must use prefabricated components,
and they must be processed and manufactured in an orderly manner to ensure overall development. When
comparing traditional construction projects with prefabricated construction projects, it can be seen that
during the development and construction of prefabricated building projects, prefabricated components
are installed in a standardized way. It is also crucial to use professional machinery and equipment in the
actual installation stage of prefabricated parts [!%. In order to effectively improve the feasibility and
efficiency of the overall development of prefabricated buildings, it is necessary to apply BIM technology,
constantly optimize the construction scheme of prefabricated buildings, and effectively improve the
overall installation efficiency of prefabricated components.
(3) Coordinate professional designing systems with other professional teams.

BIM technology incorporates digital information technology to generate an analog information system
combining water collection, heating and electricity. Professional designers and other professional teams
need to be coordinated through the analog information system From the perspective of construction
companies, structural engineers, manufacturers, and equipment engineers, BIM technicians have changed
the original traditional way of use. With a professional designing system, architectural designers can
obtain the relevant required information and add its specific information to the actual work. According to
the information prompt of the simulation system, we can work with the same parameters as the basic
building model "1, BIM technology is combined with professionally coordinated design, specific work
content, shared work information, therefore increasing the efficiency of work progress. The application
of BIM technology is conducive to the rationalization of building structure design, ensures systematic
progress of construction plan, and effectively improves the quality of the building. By converting the
BIM model, according to the specific location of the internal components, we can select the appropriate
number, install the corresponding equipment, and test internally. If there are any abnormalities during the
selection of equipment data information, the overall structure of the building can be ensured by debugging
the overall design parameters. In practice, BIM technology is used to build the model, plan the data
measurement information, adjust the model, control the stability of the building, as well as increasing the
structural strength of the building. Through the application of BIM technology, building structure design
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is combined with various on-site data analysis functions to analyze the overall design process of the model
and improve the measurement accuracy of building land and surrounding ecological environment
information. When natural disasters occur, we can enter the BIM data information system, and the specific
disaster information can clearly appear in the database. When the environment changes rapidly, the BIM
data feeds back relevant information, and the basic performance indicators of the model structure meet
the expected requirements. BIM technology can effectively strengthen the stability of building structures
in the early stage of design. In the process of data testing, in order to make the local climatic and
geographical conditions better meet the needs of the building, the safety and service life of the building
can be effectively achieved through the coordination performance of BIM technology ['?!. Architects
combine BIM tools and methods to simulate different structural design situations and make judgments
on site conditions. According to the preliminary concepts and standards, the building structure design can
better integrate ecological factors. Designers use the relevant performance simulation analysis software
to analyze the annual sunshine duration and shadow changes of the construction site, so as to provide the
basis for specific construction.
(4) Scientific management of construction progress.
The application of BIM technology in site schedule management can effectively simulate the layout and
dynamic adjustment of the site, make the loading and transportation of fabricated components scientific
and reasonable, and also ensure the construction safety. The construction period of prefabricated
construction is shorter than that of conventional construction projects, and the construction efficiency is
high. The application of BIM technology can effectively highlight the construction progress advantages
of prefabricated construction projects 3. This is mainly because BIM technology can improve
construction schedule management. In the construction of prefabricated construction projects, BIM
technology can effectively formulate the construction progress of each work phase, and relevant
personnel can analyze the construction situation scientifically according to BIM model and on-site
construction monitoring. Systematic planning the human resources and capital investment of the plant
can not only ensure optimization of the installation of components, but also deal with the differences in
construction technology 4. The construction engineer must apply BIM technology to simulate the
difficulties in construction, detect existing problems in the project, and ensure the smooth progress of
construction. In addition, this method can also effectively prevent the waste of building materials, thereby
reducing construction costs. The construction workload of prefabricated construction engineering is large,
and it often consumes a lot of building materials. Therefore, this makes it difficult to ensure the timely
supply of materials when managing building materials in the traditional way. Any damage of breakage
of materials during the construction process will be detrimental the construction progress of the project.
In the specific application of BIM technology, the construction process must be comprehensively
calculated and analyzed, and based on this technology, the construction materials and construction
progress must be scientifically and reasonably managed, so that it can meet the construction needs of the
project. The materials can be adjusted to ensure uninterrupted supply. In addition, BIM technology should
also be used to find abnormal problems of material loss in time in order to make an effective judgement
on material loss, so as to improve and optimize the construction stage.
(5) Optimize the construction technology and arrange the scheme reasonably.

In the process of building construction, the splitting process of columns, beams, slabs and other
components is created and transported according to the actual situation. In the process management of
prefabricated parts on site, BIM technology can be used to optimize the construction process, and BIM
technology model can be used for integrated design. The production, construction, management and
installation of prefabricated integral components are effectively connected. The final design and
construction can be carried out at the same time by defining the construction period and schedule and
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presenting the components of the whole building through digital technology simulation. With the help of
BIM technology, it can realize the informatization of engineering buildings, ensure the sharing of
engineering quantity information and data, ensure the visualization of various assemblies, and facilitate
the inspection of each connecting node. BIM technology can effectively simulate site conditions and
construction plans, and easily select the best construction site, construction plan and construction
procedure [*!. According to the industry standards and technical requirements and the project
implementation, we can clarify the construction scheme, design, optimize and determine the construction
scheme, and use the BIM model to test the feasibility, reliability and integrity of the scheme, find various
construction problems, and provide reference for design drawings.

3. Conclusion

In conclusion, the application of BIM technology in the construction process of fabricated structures gives
full play to the advantages of BIM technology, improves the construction efficiency of construction projects,
shortens the construction time of construction projects, and optimizes key construction nodes. In
construction simulation, parts and equipment, construction management, carrying out construction
supervision according to specific models can improve the quality and efficiency of the project. The
application of BIM technology promotes the development of prefabricated construction engineering and
improves the overall utilization of resources. The application of BIM technology in the construction of
prefabricated building structures effectively improves the production quality of components. At the same
time, through the simulation of the construction site, a reasonable construction scheme is formulated. Lastly,
planning the existing buildings on the construction site provides technical support for the development of
the construction industry.
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1. Introduction

Large infrastructure projects are infrastructure projects of national importance, and they are complex.
Therefore, appropriate management of the risks of such projects is of crucial significance. There are three
types of planning uncertainty which are as follows: the uncertainty of the planning environment, the
uncertainty of decision-making in the relevant areas of decision-making, and the uncertainty of the
environment . Effective risk management ensures that projects develop corporate strategies based on
changing opportunities and risks [?, which can increase certainty and reduce exposure to potential chaos.

2. Literature review

2.1. Risk uncertainty and complexity

There are many ways to classify the risks of large infrastructure projects. Strategic risk is regarded by many
experts in the field of infrastructure planning and development as one of the important risks for large
infrastructure projects which may affect the achievement of corporate objectives during the development
of a large infrastructure project [?!. Meanwhile, project risk is another common risk for large infrastructure
projects. It stems from varying degrees of uncertainty in all projects, especially during project development
process . The focus of risk management is to reduce its uncertainty and impact 2], and risks can be divided
into positive risks and negative risks. The former means that positive outcomes are more likely to occur,
and vice versa 1. In real life, people are more concerned about negative risks than positive risks. However,
positive risks should also be given high priority (1!,
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Risks stem from varying degrees of uncertainty *!, and the focus of risk management is to reduce its
uncertainty and impact [?!. There are four levels of uncertainty which are as follows: a clear enough future,
an alternative future, a range of future, and true ambiguity. On the other hand, innovation, discontinuity,
abrupt change, rapid change, historical contingency, diversity, pluralism, and heterogeneity all contribute
to the complexity of matters [°l. Together, uncertainty and complexity are factors that should be highly
valued by project developers as they can cost them a serious loss due to various negative consequences if
they do not highlight the importance of risk mitigation.

Firstly, if infrastructure has already been built, it is impossible to change its purpose. Secondly, the
benefit of investment is positively correlated with economic growth. This means that if the growth is
promising, the project will go well; if the growth is low, the project will perform poorly [71.

2.2. Risk management

Scenario planning is used to explore multiple possible futures ), which is very beneficial for exploring
strategic risks. In addition, it is considered an effective tool in transport planning, supported by reasons as
follows 1: (1) Scenario planning is thought to be effective in negotiation and group decision-making. (2)
Scenario planning constrains the scope of possible futures. (3) Scenarios help people explore multiple
possible futures. Multi-criteria analysis is thought of as an effective tool for strategic risk management, and
has been successfully applied in environmental impact assessment. It is also used to assess risk from
different perspectives, that is, different criteria. Some people combined scenario planning and multi-criteria
analysis to form a scenario-based multi-criteria analysis method, and this combinatorial method can take
full advantage of these methods. More specifically, scenarios provide multiple possible futures, and multi-
criteria analysis provides comprehensive analysis based on various criteria 1%,

The aforementioned tools are more commonly used in strategic risk management. For project risk
management, there are many other commonly used risk management tools '), such as document review,
brainstorming, Delphi techniques, interviews, root cause analysis, checklist analysis, assumption analysis,
diagramming techniques, SWOT analysis, and expert judgement 4121,

Project appraisal is used to explore, review, and evaluate proposed courses of action to determine
whether a given proposal is viable, and risk analysis is widely used in project appraisal.

The project risk management methods include steps as follows: 1. Identify project risks. 2. Analyze
risks using both qualitative and quantitative methods. 3. Plan risk responses to control risks 2], Risk
analysis includes identifying existing controls, possibilities, and consequences, and estimating risk levels.
Quantitative analysis and qualitative analysis are important in risk analysis [1*],

A risk map is a useful tool for risk management. It requires people to map risk based on impact and
probability, as shown in Figure 1, where people need to decide which risks are the key risks to consider
based on the plotted map.
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Figure 1. An example of a risk map

Risks can be mitigated by assigning them to those best suited to manage them, and by changing and
insuring the project. To manage the risks, the most optimal response plan can also be implemented.
Proactive stakeholder management plays an important role in risk management, and assigning risks to the
stakeholders best suited to manage them is critical in managing large projects. In addition, the matrix is
often used to allocate risks [>!4]. Non-professionals know things that many experts often overlook,
contributing to hazard management over the lifecycle of large infrastructure projects. Therefore, a more
respectful and balanced relationship between experts and non-professionals is beneficial 1!,

3. Case study

3.1. Site selection

The Hong Kong section of the Guangzhou-Shenzhen-Hong Kong high-speed rail (XRL) is a large
infrastructure project that can have a significant impact not only on the future development of Hong Kong,
but also on that of the Guangdong-Hong Kong-Macao Greater Bay Area. Figure 2 shows the overview of
the area, where the underground high-speed rail line is about 26 kilometers long. The government has
invested around £84.42 billion into the project, of which construction began in 2010 and took around eight
years to be put into operation. The project aims to improve the connection between Hong Kong and
mainland China, and promote Hong Kong’s development.
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Zhuhai islands :
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Source: Highways Department of Hong Kong

Figure 2. Hong Kong section of Guangzhou-Shenzhen-Hong Kong Express Rail Line
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3.2. Risk identification

We used a risk map to identify critical risks. Based on a comprehensive analysis, this study identified three
main risks of XRL. Cost overruns are common and important in large projects, and should be identified as
they will have a significant negative impact on the construction and operation of the project. Project delays
are also common in large projects, which can increase the risk of cost overruns >4, In addition, we
identified three main project risks based on the analysis on risk impact and uncertainty matrix, which are
tunnel collapse, corruption, and worker injuries ¢!,

3.3. Stakeholder involvement

Table 1 shows the key stakeholders and their roles in risk management provided in this study. Stakeholder
analysis is critical for the risk management of large projects. As different stakeholders have better
knowledge of risks than experts, assigning risks to different stakeholders is conducive to risk mitigation.

Table 1. Key stakeholders and their roles in risk management

Stakeholders Roles

Government Comprehensive risk management

Mass Transit Corporation (MTR) Formulate risk management plans

Construction contractors Manage construction risks with MTR

Communities As non-professionals who provide suggestions
for risk management

Independent board committee Write reports on various matters

3.4. Suggestions for current risk management practices

One of the government’s strategic goals was to complete the project with less than HK$70 billion. However,
the final estimate of the cost of the project was £84.4 million, meaning that the project has a significant cost
overrun. Scenario planning and multi-criteria analysis can be considered two useful tools for exploring the
financial risks of the project ['”!. Scenarios may be useful to explore multiple future trends in project costs,
while multi-criteria analysis can be used to analyze a large project under different scenarios. This helps in
exploring financial risks and adopting some useful strategies in advance.

Project delays are another issue to consider. Some experts had estimated that the project could be
delayed, but they did not fully consider assigning the risk to different stakeholders. Project delays are a risk
that can be easily influenced by different stakeholders, and in this paper, it is argued that non-professionals
know better. In other words, different stakeholders should be involved in the management of this risk.

To explore project risks, an impact and uncertainty matrix was used to explore critical project risks,
which is effective since a risk is determined by its impact and possibility. We believe that this matrix is
rather beneficial for comprehensively considering all relevant project risks and identifying critical risks.

4. Conclusion

In summary, this paper comprehensively analyzed the risks associated with large projects, which can serve
as a reference for those wishing to explore the risks of large projects. This study believes that strategic risk
and project risk are two indispensable parts of risk management for large infrastructure projects, and argues
that the public can be more involved in the risk management process.
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1. Introduction

As an application system that can be widely used in various construction projects, BIM can integrate all
kinds of information in the whole life cycle of the project, so as to well realize the representation of building
information and real-time sharing of data, and provide an opportunity for the progress of cost management.
In particular, the modeling characteristics of BIM components and the management benefits of information
integration are highly consistent with the component-based and integrated concepts of prefabricated
building '#], indicating that there is a certain coupling between prefabricated building and BIM technology,
and it can be highly integrated. Therefore, BIM technology can be applied to the cost control of
prefabricated buildings to effectively improve the accuracy and efficiency of cost control. However,
because the BIM model only contains some geometric and physical information, it does not have the
necessary conditions to implement life cycle cost management, and this problem needs to be further
addressed ). In addition, the importance of data is increasingly emphasized in the era of big data. Cost
information resources have important value in project cost management. Making full use of cost
information resources and efficiently managing cost information resources are important factors in
improving project cost management. Preparing bill of quantities of prefabricated buildings through BIM
technology can improve the competitiveness of construction enterprises in the market in the process of
project bidding and cost calculation.

2. Characteristics and advantages of bill of quantities pricing based on BIM

2.1 Pricing characteristics of bill of quantities based on BIM

The multi-level bill of quantities of prefabricated buildings based on BIM combines the characteristics of
BIM. Based on the characteristics of prefabricated buildings, it has been modified in terms of
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decomposition structure and pricing rules. The list has the following characteristics:

(1)

2)

3)

Starting from the characteristics of prefabricated buildings and BIM componentization, we should give
full play to the advantages and economies of scale of modular production of prefabricated buildings to
help reduce the construction cost of prefabricated buildings. At the same time, the main advantage of
the combination of data-driven BIM is to optimize the project cost management mode of prefabricated
buildings 1%,

According to the general contract mode of the project, it can meet the cost management needs of the
whole life cycle. There are many different pricing methods for a project. Adopting different pricing
methods in each stage of project construction not only reduces the pricing accuracy of prefabricated
buildings on the whole, but also cannot make full use of the characteristics of each pricing method. The
multi-level decomposition structure meets the characteristics of different pricing methods at different
stages of the project pricing process, and helps to improve the cost management of prefabricated
construction 1],

The new price combination mode is in line with the characteristics of prefabricated building
components as well as the factory production mode of prefabricated building, which helps highlight the
benefits brought by the production mode of industrial building. By reducing the construction cost of
prefabricated buildings, the problem of high cost restricting the active promotion of prefabricated
buildings can be well solved.

2.2. Construction advantages of bill of quantities BIM

(1)

(2)

€)

Improve the efficiency of engineering quantity calculation.

The scientific application of BIM technology in the bill of quantities calculation of prefabricated
buildings makes the presentation of information data more efficient, scientific, intelligent and electronic.
With the help of visual data platforms, managers can manage the amount of prefabricated construction
more scientifically and effectively as well as standardizing it. It effectively makes up for the deficiency
of traditional paper information storage and transmission mode, makes information storage more secure,
increases the efficiency of engineering quantity management, increase over the control of accuracy of
related parameters, and improves overall management efficiency.

BIM technology can complete cost simulation according to the bill of quantities.

BIM technology has the simulation function of simulating the analysis of engineering quantity
calculation scheme. It can organically associate the 3D model of building structure with the bill of
quantities, and build a 4D spatially assembled building model and a 5D communication technology
platform on this basis. In addition, the calculation links of various quantities can be compared with the
actual quantities to confirm whether there are omissions. The building information model based on BIM
technology can carry out different modeling for various accessories of different types and sizes, so that
the supervision department and relevant technicians can fully understand the bill of quantities
information, further optimize the assembly building cost, and control the assembly building cost.

The whole process of quantities can be traced.

The scientific application of assembly building based on BIM technology can give full play to the role
of the Internet of things and mobile devices, and connect the completion process of the bill of quantities
organically. By utilizing cloud storage and other technologies, the construction and pricing of bill of
quantities can be remotely controlled, and the calculation process of bill of quantities pricing can be
strictly supervised and managed in real time. In addition, the indicators and parameters formed in the
construction process of the bill of quantities can be uploaded to the cloud simultaneously, so that the
relevant staff can comprehensively, timely and wholly understand the actual situation of the quantities,
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understand the use of materials more accurately, and achieve supervision and tracking of the whole
process of assembly materials use.

3. Structure and content construction of bill of quantities
This paper establishes the bill of quantities according to the construction entity of prefabricated buildings.
The specific process is as follows [1216):

3.1. Structure establishment of bill of quantities

3.1.1. Research ideas of constructing bill of quantities

In the process of establishing the bill of quantities, in order to perfectly integrate the three contents of the
bill of quantities, prefabricated building and BIM technology, it is necessary to compare and analyze the
characteristics of the three, then integrate and analyze them, and then decompose the bill of quantities
according to different modular theories. The specific decomposition of ideas of the bill of quantities are as
shown in Figure 1.

Classification and
coding of building
information models

Consumption quota
of prefabricated
buildings

Code for measurement of
building construction and
decoration engineering

/F Contrast Contrast T
Projects without

Projects with the ; ;

) Projects with a corresponding
same breakdown collapsible structure breakdown

structure

structure
Structure

Assembly building engineering decomposition structure
based on BIM

Figure 1. The idea of establishing the prefabricated construction engineering decomposition structure
based on BIM

3.2. Application of modular theory

When using BIM technology for modular design of prefabricated buildings, we should first analyze the

characteristics of prefabricated buildings. According to its characteristics, the construction projects of

prefabricated buildings can be segmented, and the modular analysis of product processing, product structure,
product purchase and other contents can be done according to the characteristics of modular list
construction. The specific process is as follows:

(1) Modularization of product structure refers to the disassembly of prefabricated buildings according to
different functions and production methods. “The unified standard for the application of building
engineering information models” includes architecture, structure, electricity, water supply and drainage,
heating, ventilation and air conditioning, intellectualization, fire protection, decoration, divisional
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quantities, conceptual design, BIM modeling, and project estimation.

(2) The modularization of product manufacturing process includes the processing and manufacturing the
components of prefabricated buildings according to various production processes and methods. Among
them, the structural module is divided into foundation structure and precast concrete structure. Next,
precast concrete structures are divided into precast columns, precast beams, etc. Then, precast columns
are divided into precast frame columns and precast shear wall hidden columns.

(3) Products can be manufactured by purchasing, subcontracting or processing. The construction unit
determines the capacity of these prefabricated components and outsources them to component
contractors, while module suppliers manufacture according to their own design parameters and
standards. In other words, the modularity of procurement subcontracting. These prefabricated
components can be refurbished, disassembled and manufactured. For example, precast columns require
a variety of materials such as steel and concrete, as well as labor and machinery. The process of
manufacturing these prefabricated frame columns (sub modules) is modular. Processing and
manufacturing, according to the rule of the assembly of multiple sub-modules, is a new product
integration.

3.3. Establishment of bill of quantities structure

According to the above construction ideas and modular application theory, taking the structure as an

example, this paper constructs the contents of the bill of quantities of prefabricated building structure, and

the specific contents are as follows:

(1) The structure of a first level of the list includes architecture, structure, electricity, water supply and
drainage, heating, ventilation and air conditioning, intellectualization, fire protection, decoration,
divisional quantities, conceptual design, BIM modeling, and project estimation.

(2) As for the second level of the list, the foundation, precast concrete slab, other precast concrete
components, precast concrete columns, precast concrete beams, post cast strips, precast concrete walls,
concrete beam column joints, structural joints, precast concrete stairs, embedment and rings are all
carried out by the components in the primary list. The second level also includes sub item quantities,
preliminary design BIM modeling, and design estimates.

(3) In the third level of the list, in addition to the distribution of sub-divisional quantities, BIM modeling of
construction drawing design, construction drawing budget and other contents, flat plates, hollow slabs,
grooved slabs, grid frames, broken line slabs, ribbed slabs, large plates, trench covers, well covers, well
rings, etc. are all carried out by the prefabricated concrete slabs in the two-level list, sleeve grouting,
post cast concrete pouring and tamping, post cast concrete reinforcement, post cast concrete formwork
are all carried out by the post cast strip, construction joints Anti-seismic joints and contraction joints are
developed by structural joints, and iron parts and bolts are developed by embedded and lifting rings.

For prefabricated buildings, other bill of quantities can be further established according to the bill of
quantities decomposition model, and finally integrated and summarized by the BIM software platform to
complete the final bill of quantities calculation, summary and pricing.

4. Pricing control strategy of bill of quantities of prefabricated construction based on BIM

4.1. Reasonable cost management

In the design stage, we need to have a sense of rationalization of cost control in order to complete the
docking of engineering projects. It is necessary to apply reasonable cost management measures, good
behavior and more scientific overall design scheme, focus on reducing some unnecessary materials,
simplify the architectural design process, and highlight the designer’s intention of low cost, high
functionality and high cost performance. In general, in order to realize the design intent, we should adhere
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to practical, scientific and reasonable working methods in the design stage, which will be of great help to
cost control.

4.2. Scientific accounting process in the design stage

In terms of process management, scientific process division should be carried out according to the
investment quota of construction projects. For example, a preliminary design is made according to the
declared quantity in the existing design sheet, and then fine tune the parameters of the drawing in a step-
by-step way. In practice, reference information should be strictly implemented in order to reduce costs on
the basis of function realization. In addition, we should control the scientificity of the planning, take strict
implementation as the measurement basis, understand the process of architectural design, and prevent the
construction from exceeding the budget or exceeding the budget settlement. We should avoid technical
limitations and inconsistencies of concepts. In terms of kinetic energy distribution, technical schemes
should also be formulated to avoid the problem of insufficient total investment and the design concept
cannot be completed. The cost management organization can make scientific accounting and
implementation plans to insure the project. It is necessary to comprehensively consider uncontrollable
factors and uncertainties such as environment, technology and manpower, and improve the feasibility of
overall cost management.

4.3. Estimate the design budget scientifically and reasonably

The preparation of design estimate is important mainly because it can provide a basic reference for the
preparation of project investment planning and cost management. Based on the approved construction
drawings, further cost estimation of the drawings is carried out on this basis. Reverse calculation is carried
out according to the design budget after the initial overall estimation of the project. The drawings are within
the budgeted cost, so as to reduce the problems of over-budget caused by the design drawings. When
reviewing the budget of the design drawings again, the needs of the initial budget can be fully integrated,
so as to provide theoretical data support for the later construction and avoid the increase of the overall cost
of the construction project.

5. Summary

In conclusion, the construction of the bill of quantities of prefabricated buildings based on BIM can
effectively improve the efficiency of the calculation of quantities. BIM technology can complete the cost
simulation according to the bill of quantities, realize process traceability of quantities, and ensure the
construction quality and cost control of prefabricated construction projects. Taking the prefabricated
structure as an example, BIM technology can be applied to build the bill of quantities, which can be operated
on the BIM platform to achieve multi-party coordination and drive the development of prefabricated
construction companies.
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1. Introduction

Comprehensively carrying out rural revitalization and construction is the directional strategic policy for
China’s rural economic construction that has been put forward by the 19th National Congress of the
Communist Party of China, hoping that under the guidance of this policy, China’s rural economic
construction will improve and reach a higher level. In order to truly realize the strategic goal of rural
revitalization and improve the level of rural economy, practical and feasible beautiful rural planning and
overall development must be implemented in the process of rural economic construction and development,
the transformation of rural economic industrial structure must be promoted, and the goal of rural
revitalization and construction must be sought. In view of the rural economic development under the rural
revitalization strategy, Kong Xiangfeng pointed out that it is first necessary to clarify the significance of
the rural revitalization strategy, make reasonable planning on the premise of analyzing the current situation
of rural economic development, clarify the ideas, achieve the integration of industry and village, as well as
ensure the orderly promotion of the construction of beautiful villages under the new urbanization [!!. Based
on several research results, this paper makes an in-depth analysis of the overall relationship between new
urbanization and beautiful rural construction, the current situation and problems of beautiful rural
construction under the new urbanization, as well as the effective ways to speed up the construction of
beautiful rural areas, hoping to provide reference and guidance for the effective implementation of the rural
revitalization strategy.
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2. Overall relationship between new urbanization and beautiful rural construction

In order to realize the stable growth of rural economy, it is important to pay attention to the coordinated
development of new urbanization and beautiful rural construction. With the continuous progress of urban
and rural reform, urbanization is accelerating day by day. However, during this period, existing problems
such as the large urban-rural income gap and the uncoordinated urban-rural development are also becoming
increasingly prominent, which to some extent are limiting the sustained and stable growth of rural economy.
Therefore, in order to maintain the existing achievements of economic development and further improve
the quality of urbanization, the overall development of urban and rural areas must be taken into account 21,
In the same way, in order to continuously improve the quality of China’s urbanization and maintain the
achievements of economic development, the overall development of urban and rural areas must be taken
into account. The concept of “new urbanization” first appeared during the 18th CPC National Congress.
Compared with traditional urbanization, new urbanization emphasizes the people-oriented scientific
concept in development, focuses on making up for the shortcomings of rural development, and uses the
achievements of urban economic development to support the development of rural economy. However,
rural economic areas should also speed up the adjustment of their own industrial structure, strive to improve
agricultural productivity and creativity, as well as refrain from blindly relying on cities and towns to drive
their development. The ultimate goal of building a beautiful countryside is to accelerate the development
of rural economy, improve the level of rural modernization, and protect the ecological environment of the
rural residents 1. At the same time, the construction of beautiful villages has provided a steady stream of
power for the promotion of new urbanization. Therefore, in order to ensure the coordinated and stable
development of China’s urban and rural economy, it is of utmost importance to pay attention to the planning
and construction of beautiful villages under the new urbanization and actively promote the new rural
construction model.

3. Current situation and problems of “beautiful” rural construction in the context of new
urbanization

3.1. Insufficient scientificity of rural construction planning and design

There are many contents and links involved in the construction of beautiful villages under the new
urbanization. Therefore, it is imperative to analyze the contents involved in rural construction from a macro
perspective and plan reasonably while considering the actual situation of these villages, so as to promote
the stable improvement in the efficiency of the construction of beautiful villages on the basis of ensuring
that the rural construction is scientific, reasonable, and feasible. Relevant research results have shown that
at this stage, many regions in China are in chaos when carrying out the construction of beautiful villages,
resulting in the lack of order and organization in the construction process, especially in the case of
emergencies or problems that cannot be dealt with effectively, and ultimately leading to the difficulty in
achieving the goal of the construction I, Although the ultimate goal of constructing beautiful villages is
the same, due to the regional differences, the construction of beautiful villages must be carried out in
consideration of their own forms, through scientific planning and design as well as the formulation of
practical implementation regulations to ensure that the construction standards meet the expectations [,
However, some regions have failed to focus on the actual and long-term planning when carrying out the
construction, thereby resulting in a disparity among the local conditions, local industrial economy, and rural
construction. In some areas, there is a certain “blindness” in the construction of beautiful villages. One
cannot build a beautiful countryside by only reproducing the successful experiences of other regions
without conducting adequate research and development planning. This does not only bring great damage
to the local ecological environment, terrain, and landform, but also violate the basic principle of ecological
harmony in the construction of a beautiful countryside.
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In addition, due to the lack of scientific planning and design, the ambition of farmers has been seriously
disregarded in rural construction, and their homestead and private plots have been severely destroyed, thus
affecting their enthusiasm. Their lack of enthusiasm has greatly challenged the implementation of the

construction [®,

3.2. Unclear local characteristics

In the context of the new urbanization, the construction of beautiful villages must integrate the cultural
history, architectural structure, geographical environment, and ecological environment of each region. The
construction of beautiful villages must be integrated with the history and culture of the region. Although
most regions have integrated their local characteristics into the construction to fully reflect the cultural
connotation of each region, there are still some regions that lack local regional culture and have less
distinctive industry and cultural characteristics in the construction 7). The reason is that the government
departments and relevant staff in these regions do not emphasize enough on the construction of beautiful
villages. Coupled with the lack of professional rural construction talents, this leads to the single focus of
new rural construction on the successful experiences of others, without any innovation in demolishing and
transforming old rural buildings. Even when some towns and townships are involved in this work, there is
no unified planning and supervision when transforming the houses belonging to farmers, resulting in
different architectural styles in the same area and the lack of distinctive regional characteristics. Therefore,
relevant personnel must attach more importance to this issue, highlight local characteristics when carrying
out the construction of beautiful villages, and promote the orderly development of rural construction under

the guidance of scientific and feasible planning and design schemes [®!.

3.3. Slow development and transformation of secondary and tertiary industries

The traditional urban and rural construction and development model lacks an ideal supervision mechanism
in rural economic construction since its focus is solely on economic development. As a result,
environmental pollution is rising. In the early days of reform and opening-up, in order to increase economic
income, people began sand mining and forest mining on a massive scale, causing inestimable losses to
natural water bodies, mountains, and greeneries [°!. The originally emerald ridges have been turned into
ferocious random stone hills due to natural disasters, such as landslides and mudslides; the once-clear river
has turned into a muddy “sediment river”; the once-rural scene of smoke curling has turned into a scene of
haze covering the sun; and the once-balanced rural ecological environment has been completely destroyed.
Moreover, in the process of developing rural economy, some regions have always regarded agriculture as
the primary industry despite the fact that the traditional extensive agricultural production mode wastes a
significant amount of cultivated land resources. People are only paying attention to crop planting on
cultivated lands with slightly higher output; it is difficult to develop scattered planting areas on a large-
scale. In terms of agricultural economy, many regions are focusing on the primary industry and the tertiary
industry, with a serious lack in the secondary industry that embodies raw material processing and packaging.
As aresult, there is an excessive dependence of rural economy on the urban economic environment 1%/,

3. Effective ways to speed up the construction of beautiful villages

3.1. Scientific planning and proper guidance

In order for the construction of beautiful villages to be implemented scientifically, it must be based on
sound planning and design. Hence, prior to carrying out rural construction, all regional government
departments should conduct a comprehensive survey on the local characteristics, formulate a sound design
in line with the results of the survey and the development situation of the current era, make sufficient
preparations, and prevent the waste of resources as much as possible [!!. On the one hand, it is necessary
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to consider and integrate the local terrain, interests, and cultural characteristics into the construction, so as
to give full play to the advantages of the region. On the other hand, in line with the basic principle of
improving the overall outlook of rural areas and the happiness index of rural residents, the construction of
beautiful villages is closely linked with people’s lives. The real value of constructing beautiful villages can
only be truly reflected by ensuring that these beautiful villages are consistent with people’s expectations.
From this point of view, building a beautiful village is not a difficult task for the local government and
relevant departments, but it requires the villagers to participate and work together with the dream of
sustaining the stable growth of rural economic construction. When carrying out the construction of beautiful
villages, it is crucial to listen to the opinions of the masses, coordinate with the local residents, and enhance
their enthusiasm for participation 2],

3.2. Adjusting measures to local conditions and reflecting local characteristics
Realizing rural revitalization and linking the construction of rural ecological civilization with economic
benefits are the fundamental tasks of building a “beautiful countryside.”

First of all, it is necessary to improve the rural economic system, adhere to the concept of “beautiful
countryside,” apply this concept to rural revitalization and construction, adjust measures to local conditions,
make overall planning, as well as identify more growth points relating to rural economic interests 3],

Secondly, on the basis of fully understanding the new form of rural economy, targeted and
characteristic development strategies should be formulated to assist in the realization of rural revitalization.
For example, it is necessary to explore the rural tourism market and increase the added value beyond
agriculture. With the increasing desire for spiritual civilization, growing closer to nature and “returning” to
nature have become the goal of most people. People are now more willing to visit the countryside and enjoy
the pleasure of contentment. Hence, rural planners should make full use of this resource through the
planning and construction of organic gardens for picking or shared vegetable plantations, so that the
acquaintances of urban residents can experience the joy of picking or planting while improving rural
economic benefits !4,

Finally, it is imperative to raise the investment in the secondary industry and realize the
industrialization and scale of agricultural products by attracting the investment of large-scale beverage and
food processing and production enterprises, so as to form a unique rural economic chain.

3.3. Promoting the transformation and upgrading of agricultural modernization

At all times, agricultural production is the key link in the development of modern rural areas, the
indispensable impetus for the development of rural economy, and the core element restricting national
economic development. Therefore, based on the rural revitalization strategy, it is crucial to focus on
agricultural development, promote agricultural transformation and upgrading, as well as effectively
improve the development level of China’s agricultural modernization in the optimization of rural economic
development. In order to ensure the transformation and upgrading of agricultural modernization, it is
necessary to consider the actual situation of each region, formulate an agricultural development strategy
that matches the actual situation, so as to promote agricultural construction, adhere to looking at all
problems from the perspective of development, and hire professional agricultural technicians to formulate
scientific design, so as to maximize economic and social benefits. Secondly, with the help of modern
agricultural science and technology and advantageous regional resources, characteristic regional
agricultural projects should be designed, and an ideal agricultural processing enterprise should be
established to realize the one-stop production chain of supply, production, and marketing, so as to ensure
the sustainable development of the region. Finally, making full use of the developed network information
resources and adjusting the agricultural industrial structure according to the social development pattern may
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be beneficial in laying a good foundation for the transformation and upgrading of the agricultural industry
[15]

3.4. Realizing the integration of rural natural and cultural heritage with tourism

Many rural areas have rich natural resources and cultural heritage. In order to effectively implement the
rural revitalization strategy, it is necessary to integrate rural natural and cultural heritage with tourism, give
full play to the advantages of local characteristic resources, and develop the cultural and tourism industry
scientifically. On the one hand, promoting the aforementioned integration will not only provide more jobs
for local residents and promote the construction of rural infrastructure and public service facilities, but also
attract more talents to participate in the construction of rural revitalization. On the other hand, since the
cultural and tourism industry has great economic and social value, the development of this industry will not
only raise the popularity of rural areas and improve the utilization rate of local ecological resources, but
also enhance the rural living standards and cultural quality ¢!,

3.5. Training talents on demand

In terms of talent training, it is necessary to train on demand and build a three-level talent training system:
city, district, and township levels. First of all, the municipal leadership should design a plan to train up
leading talents for the revitalization of rural construction, so that they can provide guidance for rural
revitalization by using advanced production technologies and mature business philosophies. On the one
hand, it is necessary to cultivate and retain high-end talents. On the other hand, it is also necessary to provide
various advanced training opportunities or assign relevant personnel to visit the successfully revitalized
villages, so as to improve their professional quality and accumulate experiences. With all kinds of top-notch
talents available at the grassroots level in districts and towns, the grassroots departments should carry out
the classification management of talents from various fields in line with the local situation and entrust them
with important tasks, so that they can shine in their fields of expertise and contribute as much as possible
to the realization of rural revitalization.

4. Conclusion

Under the new urbanization, the construction of beautiful villages should actively change the traditional
inherent concept that man dominates nature and has control over nature to the pursuit of harmony between
man and nature. This will not only ensure that the government adheres to the keynote of seeking victory in
stability and establishing a solid concept of “green, coordinated, and sustainable development,” but also
effectively narrow the gap between urban and rural development, achieve the goal of equalization of public
services, as well as ensure that the legitimate rights and interests of farmers are not affected. With the
increasing distinctive industries and innovative vitality injected into the construction of beautiful villages,
it will certainly lay a good foundation for the realization of the rural revitalization strategy and the urban-
rural integration goal.
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Abstract: Urban subways have developed rapidly in recent years and has gradually become the primary choice of public
transportation in big cities. Subways can effectively alleviate urban traffic congestion and improve passengers’ green travel
experience, especially in the old urban areas where urban space is limited, community facilities are aging and historical
features are gathered. Subways play a huge role in guiding the expansion of urban space form and improving urban landscape
environment. As the only channel for passengers to get in and out of the station, the subway entrance and exit act as a bridge.
It is not only the transition space between the subway station space and the urban above ground space, but also an important
node for the exchange and circulation of various elements in the urban space. In this paper, the influencing factors of subway
entrance and exit space environments in the old city were investigated, and relevant basis for future planning, design, and
construction of subway entrances and exits were provided. Firstly, the research results and shortcomings of subway entrance
and exit channels were outlined. Secondly, based on the perspective of residents and passengers, this paper uses the analytic
hierarchy process to determine six first-class evaluation indexes, including safety, convenience, practicability and aesthetics.
This paper constructs the evaluation system of spatial environment index of subway station entrances and exits in the old
urban area of Xi’an. Lastly, according to the evaluation results, the paper puts forward the targeted optimization strategies for

the current situation of the entrance and exit space environment of the subway stations in the Xi’an.
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1. Research Background
Urban subways have developed rapidly in recent years due to its advantages of being a high-speed way,
having large capacities, as well as being safe and comfortable. Thus, urban subways have gradually become
the backbone of public transportation in large cities. The subway has played a huge role in improving traffic
congestion in big cities, improving the green travel experience of passengers, improving the efficiency of
land development and utilization, guiding the expansion of urban spatial forms, and improving the urban
landscape environment. The “four-network integration” in transportation establishes a multi-level rail
transit network system, and realize the highly integrated development of rail transit, railways and cities; it
connects cities, realizes regional networking, urban integration, one-vote urbanization, and provides a basic
realization path for the realization of the construction goal of “city on track” [!-3],

At the end of 2021, Xi’an City has ushered in a new era of large-scale networked operation of lines.
The operating mileage was expected to reach 258 kilometers; the number of operating stations and the
passenger volume was expected to exceed 159 and 1.02 billion, respectively **!. During the 14th Five-Year
Plan period, with the operation of the line under construction and the approval and implementation of the
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third-phase construction plan, it was expected that by the end of 2025, Xi’an will form an operating line
network with a scale of more than 400 kilometers, and the number of operating stations will exceed 250,
and subway traffic will account for public transportation. The share rate will reach more than 60%, and the
construction of “Xi’an on the track” will gradually take shape [67),

2. Literature review

There are many research angles on subway stations and urban spaces: involving subway and urban land
value, composite utilization between subway and urban public space, station passenger flow characteristics
and station types, and so on. In the research on the spatial remodeling of different types of subway stations,
many scholars also have done targeted research:

Leng Hulin investigated the relationship between subway entrances and exits and the surrounding
space, and also the connection between the subway entrances and exits of Beijing and Shanghai and the
surrounding spaces 1%, The subway entrances and exits mainly reflect the city’s history and culture, and
the same urban material ('], At the same time, according to the connection between subway entrances
and exits and different urban spaces, the advantages and disadvantages of using 3 different spaces including
road space, building space and open space to set subway entrances and exits will be discussed '3!3,

It is worth noting that in recent years, many researchers have carried out numerous studies on the site
and its surrounding space from the perspective of urban planning and updating, mostly in the following
aspects: the evolution of urban space, the integration of commercial complex and site space, integration of
urban above-ground and underground spaces, and so on !'*'8 It can be seen that extensive domestic
research has been done on rail transit station space, and this research will carry out further research and
experiments on this.

3. Convex space fabric accessibility evaluation

3.1. Lijiacun station hall floor

3.1.1. Integration analysis

The degree of integration refers to the degree of agglomeration or dispersion between an element and other
elements in a space system, which measures the ability of a space to attract arriving traffic as a destination,
and reflects the centrality of the space in the entire system. The higher the integration, the higher the
accessibility, the stronger the centrality, and the easier it is to gather people. The integration degree can be
divided into global integration degree and local integration degree. The global integration degree refers to
the degree of agglomeration or dispersion between an element and other elements in a space system, which
measures the ability of a space to attract arriving traffic as a destination, and reflects the centrality of the
space in the entire system. The higher the integration, the higher the accessibility, the stronger the centrality,
and the easier it is to gather a crowd. The degree of local integration reflects the degree of agglomeration
between a certain space and adjacent spaces. In this study, the number of steps, n, is set to 3, 5, 7, and 9. In
space syntax, the degree of fit, R, in the mathematical regression line, a trend line was plotted to express
the relationship between the degree of global integration and the degree of local integration. The
relationship between the global integration degree and the local integration degree indicates the degree of
coordination of the overall space; the relationship between spatial structures was calculated by categorizing
and using quantitative data calculation methods. The higher the integration value of a space, the better the
spatial permeability. The graphs analyzed are from warm to cool colors: The warmer the color, the higher
the integration degree and vice versa.
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Figure 1 shows the model simulation of the integration degree R3 of the Lijiacun station hall area,
which refers to other convex spaces that can be reached from a certain convex space within three topological
space distances. Due to the different topological relations between the various convex spaces, the spatial
depth of each convex space is different. Topological space depth can be simply understood as the reach
ability of its convex space. The space with strong accessibility is easy to be used as a distribution center
and a space for traffic flow. The right side is the linear regression analysis of the integration degree of R3
and the global integration degree. The overall R? value is greater than 0.5, which indicates a linear
correlation, indicating that the research is representative of the actual situation with insignificant differences.
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Figure 2. Model simulation of regional integration degree R7 of Lijiacun station hall floor

Figure 2 shows the model simulation of the regional integration degree R7 of the Lijiacun station hall
layer. The deeper the topology, the closer it is to the global integration degree. The direction of divergent
topological spaces is limited, which sometimes affects spatial depth and accessibility. Based on accessibility
of each space at different topological depths, the R value is above 0.5, which means that the degree of fitting
and spatial accessibility is good. The fit axis reflects the fit of the two different spaces.

3.2.2. Selectivity analysis

The degree of selectivity refers to the frequency of an element in the space system as the shortest topological
distance between two nodes. Considering the advantages of the space unit as the shortest path for travel, it
reflects the possibility of the space being traversed. The higher the degree of selectivity, the more likely to
be traversed by people. The degree of selectivity refers to the relationship between the topological depth of
each space and the degree of selection of people flow, and also represents the importance and accessibility
of each space.
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Figure 3. Degree of choice R9 and simulation diagram

Figure 3 is the model simulation of the selectivity R9 of the Lijiacun station hall floor. Based on the
upper and lower figures together, a similar conclusion can be drawn. The replacement space in the middle
is affected by the accessibility and activity of the stairs, elevators and straight ladders, making this area the
most selective space. In other words, it can be called a must-pass place for people; the second focus is on
the east and west distribution sites and the connecting corridor to the north. Compared with the previous
selectivity analysis, the inaccuracy of the topological depth of the edge convex space was removed, so that
the overall core area has a higher selectivity.

It can be seen here that in the convex space where the core space of people flow interaction is located
where the east and west elevators are located ['); secondly, it extends outwards. Since there are more
choices of routes to go to the east and west ends, people will choose to stay in the middle, which is also a
crowd control problem that will occur in practice. For example, at the peak of people-flow, certain carriages
will be crowded and others would be uncrowded 2,

4. Conclusion

Xi’an faces various problems such as lack of public space, traffic congestion, aging community facilities,
and the need for protection of historical features. The construction of the subway has improved the mobility
and accessibility of the urban area, and the environment of subway entrances and exits has improved the
tolerance and connection of the urban area. The integration and re-creation of rail transit and urban space
will greatly promote the vitality and recovery of the urban area.

In conclusion, this paper uses the environmental spatial evaluation index system of subway entrances
and exits based on AHP to evaluate a representative subway station entrance and exit in Xi'an urban area.
Among them, Lijiacun Station is a transportation hub station, and the efficiency of the entrance and exit
needs to be further improved. This includes improvement in walking time and walking distance; the
evaluation results reflect the applicability of subway entrances and exits in various first-level indicators.
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Abstract: With urbanization and the rapid development of social economy, China’s rail transit industry has developed rapidly
in recent years. In order to alleviate the pressure of road network, subways provide convenience as they are fast and space-
saving. Subway stations are major energy consumers of urban power grid due to their large traffic volume and long operation
time. On the premise of ensuring operation safety, reducing the energy consumption of subway helps in energy conservation
and emission reduction as proposed in the 13th Five-Year Plan. According to the statistics of the energy-saving evaluation
report of rail transit engineering, the lighting system accounts for 20%-30% of the total power consumption of the subway
station. Due to the single lighting control mode of the lighting system in the subway station, the actual station illumination
cannot be reported and adjusted in time, resulting in the waste of lighting energy and high power consumption of the system.
Through in-depth research on the intelligent lighting system of subway station, this paper improves the system control, and
finally summarizes the optimization scheme of subway station lighting design which can effectively save the power
consumption of lighting system. The main contents of this paper are as follows: The research results of this paper can provide
effective measures for energy saving of electric lighting in subway stations and reduce electric energy consumption; on the
other hand, as an integral part of building lighting energy-saving system, it also has certain guiding significance for the

research of building lighting energy-saving.
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1. Introduction

The comprehensive energy consumption level of rail transit is lower than other forms of transportation with
similar capacity. However, due to the large traffic volume and long operation duration, the total power
consumption of rail transit is still high. Therefore, the power consumption of rail transit still has the potential
of energy saving to a certain extent. In recent years, the subway construction scale and planned routes have
been further expanded with growing investments and increasing construction speed. Facing such a huge
urban rail transit network, subway has become the main electrical consumption equipment of the city. In
order to respond to the 13th Five-Year Plan for building energy conservation and green building
development issued by the Ministry of housing and urban rural development and implement the objective
requirements of national energy construction and production [!3] the goal of energy conservation and
emission reduction should be reflected in the whole process of subway design. Therefore, the construction
of rail transit should be people-oriented and be fast, convenient, and punctual. At the same time, according
to the basic principle of energy conservation, the management of energy conservation and emission
reduction of rail transit should be improved, the cost of energy use should be reduced, the utilization
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efficiency of energy should be increased, and the pollution of resources and environment should be reduced
[4-6]

It can be seen from Table 1 that the lighting system occupies 15% — 35% of the energy consumption
of the whole subway station. According to the 2016 urban rail transit report, there were at least 260 subway
lines under construction in China !, Although the scale of subway stations and the lighting scale are small,
considering the large number of subway lines, their scale and number far exceed that of large buildings. In
view of such high lighting energy consumption, reduction of energy consumption of the lighting system,
improvement of the utilization rate of lamps, proper utilization of existing resources on the premise of
meeting the working lighting of subway stations has long-term significance for the development of urban
rail transit in the future -,

Table 1. Total electricity consumption forecast for the entire station of the Metro Line 2

Initial stage The near future Future
Name of lighting load Power Average Total annual Power Averag Total annual Power Average Total annual
(Kw) daily electricity (Kw) -e time electricity (Kw) time of electricity
power consumption of consumption daily consumption
consumpti (10* power (10°kWh/year) power (10* kWh/year)
on time (h) kWh/year) consum consumpti
-ption on (h)
(h)

Emergency light 8 24 7 8 24 7 8 24 7
Equipment area lighting 40 18 26.3 40 18 26.3 45 18 29.6
Public Electricity 20 18 13.1 20 12 8.8 20 12 8.8
area saved
lighting Work 20 12 23.4 54 12 23.5 62 12 27
Other lighting loads such 53 12 23.4 54 12 23.5 62 12 27
as advertisers
Total - - 78.6 - - 78.7 - - 85.5

2. Literature review

2.1. Foreign Research Status

Subway is an important mode of transport is many countries. Since the official construction of the world’s
first subway in London, the British capital, in 1863, nearly 300 subway lines have been constructed in more
than 80 cities around the world, with a total length of more than 5100 km [, The research on lighting
design abroad is more in-depth, and various countries have formulated corresponding lighting design
standards of underground railways.

Germany, Singapore and Japan attach great importance to the design of subway lighting, emphasize
comfort, use lighting to enhance the appearance of space, and make full use of the hierarchical design of
lighting in lighting engineering [!'2]. OSRAM lighting company provided lighting for 162 New Delhi
metros in India, installed parallel strip light panels on their roofs, and used the lighting control system to
adjust and control the lamps within the predetermined range, which not only provided high-quality visible

light, but also arranged the ceiling of the station in an artistic way, with excellent ornamental performance
[13.14]

2.2. Domestic research status

In the early stage of subway construction and development, according to the specific practice of subway
construction, China has designed the national standards: “Subway Lighting Standard” (GB/T 16275-1996)
and “LED Lighting Design Standard for Subways Stations” (DB44/T 1620-2015), which stipulate the
lighting degree, color temperature and lighting density of subway platforms [*]. At the same time,
passageways, waiting halls, transitional passageways and other functional spaces were also given attention.
Due to the lack of computer technology, the unified lighting layout causes no sense of hierarchy in the
lighting and are unable to act as guides. The designed lighting environment is difficult to make passengers

43 Volume 6; Issue 5



feel comfortable 1. In the next 10 years, China’s rail transit construction will enter an unprecedented
period of prosperity. With the continuous improvement and perfection of lighting system design, intelligent
lighting system will become a new direction in the field of lighting control [!7-18],

3. Methodology (Data collection)

3.1. Experiment set-up

The research object of this project is Xi'an Lijiacun subway station. The research results of this paper can
provide effective measures for energy saving of electric lighting in subway stations and reduce electric
energy consumption. The performance of the instruments used are shown in Table 2.

Table 2. The performance of the instruments

Instrument Measuring range Measurement Equipment Work environment
accuracy size

Noise detector 30db—120db +0.5db 8*5*12cm Air temperature:

(noise0501) -40%~+60%

Relative humidity:
25%~90%
Static pressure:
65kpa~106kpa

Wind speed 0.2m/s—10m/s +0.02m/s 8*5*12cm

detector -10C~+50°C
(wind0501)

Black ball [lumination: Humidity: 12*8*6cm

temperature/ 0~65535lux +0.3°C, £2%RH

Humidity Humidity: Black ball:

detector/ -40°C~+125C +0.5C

[lluminance Black ball:

detector -10C~+85°C

The parameters measured in the study includes: wind speed, noise, black ball temperature, humidity
and illumination information of the subway station.

The wind speed and noise information were recorded once every minute; the collection interval of
temperature, humidity and illumination information was once every 10 minutes. The collected information
will be uploaded to the server of the equipment operator and stored. The stored information can be viewed
and downloaded at any time.

The period of data collection was from July 15, 2021 to August 10, 2021. All equipment operated
continuously for 24 hours during the testing period.

All equipment monitored were non-radioactive and were placed against the wall, with a total floor
space of about 1.5 square meters. Therefore, the operation of the subway was be affected during the
monitoring period.
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4. Results
4.1. llluminance
4.1.1. Underground is measured two-point illumination description

Table 3. A1, A2 point illumination description

A1 point illumination (Ix) A2 point illumination (Ix)
Mean 123 118.52
Median 121 136
Max 126 145
min 110 81
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Figure 1. Scatter-point line chart of illuminance at each point on weekdays

(1) During the period of data collection, the illumination sensor is used to continuously collect the
illuminance data on the two collection points A1 and A2 every 10 minutes, and the total data collected
was 3744 copies (1872 copies of data for each collection point).

(2) As shown in Figure 1, it is the illumination change diagram of the two collection points. It can be seen
from the figure that the illuminance value fluctuates up and down within 95(1x)-140(1x).

(3) As we can see from Table 3 and Figure 1:

The peak value of the illuminance changes at point A1l is 142 (Ix), which mainly occurs at 7:50 on
August 9, 18:50-22:30 on August 9, and 9:20-13:10 on August 10. The illuminance changes at point A1
The valley value of 84(Ix) mainly appeared on August 10th at 22:40-23:50;

A2 point illuminance change is relatively stable, there is not much fluctuation, it has been around
1231x. However, at 22:00 on August 14th the illuminance value was reduced to 110Ix.

4.1.2. Compare with national standards
Underground space is one of the important public spaces in the city, and its sound, light and heat
environments are crucial to residents’ physical and mental health and ride comfort. At present, the domestic
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illumination standards for subway spaces are based on GB 50034-2018 ““Architectural Lighting Design
Standards”, GB 50016-2014 “Code for Fire Protection in Architectural Design”, GB/T16275-2008 Urban
Rail Transit Lighting” whereas the designs are according to the relevant content of national standards such
as 06DX008-1 “Electrical Lighting Energy Saving Design” ['°!. The lighting power density value of the
relevant space can used as a reference to better control the lighting energy consumption of the subway
station, so as to guide the designer to in saving lighting energy while making a comfortable light
environment.

5. Conclusion

Good lighting design and improving the design of the lighting control system in subway stations has
gradually become an important part of modern subway stations. Because the current lighting and control
technology in the existing subway station lighting system is relatively outdated, and there is a lack of
consideration for passengers’ vision and energy saving, it is necessary to optimize the existing subway
station lighting system.

With the continuous improvement of lighting system design, the application of lighting system in new
urban subway stations will increase with more variety of systems. As for now, the lighting system only
satisfies the comfort of the light environment, and is slightly lacking in the artistic expression of the light
environment of the station. Relying on the characteristics of intelligent lighting single lamp dimming,
various control modes, and the ability to monitor and control the status of each lamp, the future intelligent
lighting control can achieve a variety of lighting effects, making the light environment of subway stations
more beautiful and intelligent.
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