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Abstract

Gansu Province is a large province in Western China, and its geographical lo-
cation and economic status are very important. With the state’s attention to the
western development, the economy of the western region represented by Gansu
Province has developed rapidly, and the construction of roads and other infra-
structure has also been developed. Taking Gansu Province as an example, this
paper studies and discusses the application of highway maintenance platform
based on GIS + BIM Technology. Firstly, this paper expounds the advantages of
GIS + BIM Technology in highway construction and maintenance, and analyz-
es the development status of GIS + BIM Technology; Secondly, it expounds
how to solve the problem of highway maintenance from the aspects of GIS +
BIM system and its advantages and difficulties in highway maintenance, and
briefly explains the difficulties existing in highway maintenance in Gansu Prov-
ince. Then, starting from the path of GIS + BIM Technology to solve highway
maintenance in Gansu Province, this paper analyzes the expected effect of GIS
+ BIM Technology in highway maintenance in Gansu Province.

Keywords

GIS + BIM Technology, Highway, Research on Maintenance Platform, Gansu
Province

1. Advantages of GIS + BIM Technology in Highway
Maintenance

Since the 13% five year plan, under the leadership of Gansu provincial Party
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committee and Gansu provincial government, Gansu highway construction has
made significant progress. But at the same time, the design grade and technical
standard of highway are generally low, and the planning and construction often
cannot keep up with the demand of traffic growth; secondly, roads are repaired
first and then maintained. Untimely maintenance leads to high highway damage
rate, insufficient construction funds and maintenance management funds, and it
is difficult to timely and reasonably ensure highway safety; In addition, there are
many hidden dangers of road accidents, such as weak safety awareness of traffic
participants, illegal driving, imperfect road traffic safety facilities, imperfect road
protection works and other prominent problems, resulting in difficulties in road
maintenance and management. Especially under the background of streamlining
road management personnel, the maintenance efficiency of roads can be conti-
nuously improved through better local management [1].

As a tool of engineering digitization, BIM is an engineering construction in-
formation system proposed to solve engineering information-based. The attribute
information in BIM model can be accurate to component level, and has the ad-
vantages of visualization, large amount of information and good coordination.
BIM Technology has great technical advantages for high-way projects with wide
distribution, medium and short circuit sections [2]. After decades of develop-
ment, the research and application of GLS technology is gradually mature, which
can effectively process a large number of large-scale terrain data. Therefore,
combining the advantages of BIM and GIS can better provide rich, comprehen-

sive and high-quality visual information for highway maintenance projects [3].

2. Current Development of GIS + BIM Technology

As for the development of highway information technology, the relevant re-
search in the United States, Canada and other countries is earlier. They designed
a road maintenance management system, called pavement management system,
which was only aimed at road design and construction at the beginning, and
then comprehensively promoted it. It is the prototype of North American road
information integrated management system. At present, foreign developed coun-
tries have realized comprehensive monitoring of traffic trunk roads and bridges.
An intelligent information system capable of all-weather real-time monitoring
shall be established to fully grasp the conditions of all sections within the juris-
diction, report highway maintenance information at the first time, and carry out
maintenance management according to the scale of maintenance projects and
the number of resources. The MIS also contains dynamic information to view
the latest vehicle driving information in each road section.

At the end of the 20" century, the measurement technology using tilt photo-
graphy gradually developed overseas. In the field of photogrammetry, scientific
and technological workers have used tilt photography technology to explore tilt
photography system. The traditional vertical photography technology can only

obtain the vertical image data, but the tilt photogrammetry method can also ob-
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tain the tilt image when obtaining the images from different angles. After a cer-
tain processing process, the real three-dimensional model suitable for human vi-
sion can be displayed. Tilt photogrammetry technology started late in China, but
the research on this technology abroad is relatively early [4]. At the beginning of
2010, tilt photography technology began to face China. Build Data Technology
Co., Ltd. in Beijing used tilt photography technology for the first time, which al-
so marks the beginning of the era of aerial tilt Photogrammetry in China.

Laser point cloud technology based on three-dimensional laser scanning tech-
nology first appeared in the 1960s. At that time, the price was relatively high and
the image definition was not high, so it was not widely used. Later, due to the
progress of industry and the rapid progress in the field of electronics and laser,
some developed countries have begun to enter the category of 3D laser scanning.
In the 1990s, high-precision 3D point clouds have been quickly obtained by 3D
laser scanning technology and used for data processing and conversion. In 2010,
the second generation laser scanner applied on the ground was developed in the
cartographic Laboratory of Ohio State University [5]. The University of Calgary
in Canada has also developed a laser scanning system VISAT that can be used in
the field of highway measurement.

At present, China's highway information management still stays in the pro-
vincial trunk highway maintenance management. In terms of maintenance man-
agement mode, most domestic roads above the provincial level have fully im-
plemented information management, and realized all-weather and all-time moni-

toring of roads through modern management means.

3. BIM + GIS System and Its Advantages and Difficulties in
Highway Maintenance

3.1. Introduction to BIM + GIS System Platform Technology

The GIS + BIM application sub platform realizes the deep integration of GIS +
BIM through data integration, system integration or application integration,
gives full play to the respective advantages of BIM and GIS technology, realizes
multi-dimensional highway engineering management from macro to micro, in-
tegrates engineering quality management, safety management, progress manage-
ment, measurement management, operation management, maintenance man-

agement and other modules, and opens up business data.

3.2. BIM + GIS System and Its Advantages in Highway Maintenance

Now, China has introduced BIM Technology into the construction of transpor-
tation infrastructure system. The traditional construction system only stays in
two-dimensional drawings. BIM, as the carrier of three-dimensional technology,
is very popular, which greatly improves the efficiency of traditional project de-
sign and operation. In particular, it has been recognized by the industry after
proposing to use “intelligent management” in the whole process of the project.

The research flow chart is shown in Figure 1. Although BIM Technology is favored

DOI: 10.4236/wjet.2021.94053

767 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2021.94053

J.M.Haoetal.

Questions about the
maintenance of rural
publics

v v _ v

Large Difficult to
investment manage

L J

Long cycle

Management
information is o+
scattered
v
Low management
quality
+dl Data accuracy
k.
GIS BIM he=
technology technology -#] Data management
N Three-dimensional
l space analysis
Combine
4 4 h 4
Accurate data Rendering Deep integration of
matching visualization business systems

y

Integrate effective information
on highway maintenance

A4

Realize dynamic
information sharing

Figure 1. Research and analysis flow chart.

by the construction of transportation facilities, there are still deficiencies in BIM
Technology [6]. Firstly, BIM Technology is to manage a single building in the
whole cycle in the process of transportation infrastructure construction, but the
terrain of the construction site and the surrounding macro scenes cannot be dis-
played effectively. Secondly, BIM model has no ability to analyze terrain and ac-
curate positioning. It also needs to combine BIM Technology with GIS technol-
ogy to realize the management of attribute data and spatial data. The traffic in-
frastructure construction management system combining BIM and GIS im-
proves the efficiency and quality of construction management and realizes on-
site intelligence.

Highway maintenance generally has the characteristics of long cycle, large in-
vestment and difficult management. Therefore, with the rapid development of
infrastructure construction management, “intelligent management” has been

paid more and more attention. In the traditional transportation infrastructure
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management system, due to the scattered management information, highway
management is very passive, there is no way to perfectly combine the manage-
ment information with the dynamic information generated in the management
process, and the management problems cannot be analyzed and fed back in
time, resulting in the stagnation of management work and the reduction of
management quality. Intelligent management abandons the traditional man-
agement mode, removes the old and single management method, organically
combines BIM and GIS technology with highway management, effectively inte-
grates the effective information in highway maintenance, realizes the dynamic
sharing of highway maintenance information, improves the efficiency of high-
way management, and is of great significance to the improvement of the main-

tenance quality of transportation infrastructure [7].

3.3. Difficulties in Highway Maintenance in Gansu Province

By the end of 2020, the highway mileage in Gansu Province will be 2.23 million
kilometers, the expressway and first-class highway will exceed 6000 kilometers,
the second-class highway and above will be nearly 17,000 kilometers, and the
highway mileage will reach 192,000 kilometers (including natural village road).
In addition, after the roads planned and constructed in the 14" five year plan are
gradually completed, the task of highway maintenance in the province will be-
come more and more important. Naturally, it is necessary to support the huge
maintenance market in the province with supporting maintenance system and
mechanism, operation mode, organization, mechanical equipment and technol-
ogical innovation. In particular, the backward management mode and ponding
level have brought a significant negative impact on the management and main-
tenance of highways in Gansu Province. It is mainly reflected in.

1) The complexity of Geology and landform has a great impact on the accura-
cy of positioning and judgment of highways in the design stage, construction
and later maintenance.

2) Most parts of Gansu are above 1000 meters above sea level. Danxia land-
form is widely distributed in the area, with complex geological conditions and
poor engineering geological conditions, which lead to many unforeseen factors
in the safety control of highway management and maintenance construction in
the later stage.

3) In recent years, the development of highways in Gansu has entered a “gol-
den age”, with great pressure on the construction progress, but the existing

progress management mode has not adapted to the new era.

4. Logical and Physical Framework Design of BIM + GIS
Applied to Highway Construction, Maintenance and
Operation Management

4.1. Construction Management Platform

In view of the current difficulties of highway maintenance in Gansu, it is neces-
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sary to build a management sub platform based on an integrated framework,
multi-level and multi system, and use workflow engine, Web Service, GIS, BIM
and other information technologies to condense all participants in the construc-
tion period of highway engineering project into an organic whole, so as to realize
the network collaborative work mode of unified planning, unified standards and
coordinated process, It provides a scientific management platform for project
management departments at all levels to innovate management mode, improve
management mechanism and standardize construction behavior, and also pro-
vides data support for operation and maintenance [8].

The platform function carries out overall design and planning according to
the business, data and process concerned by different highway project construc-
tion management levels, and constructs a platform of SOA architecture mode
based on the current mainstream spring cloud one-stop distributed micro ser-
vice solution [9]. Fully studied the management of five professional dimensions
of progress, quality, safety, measurement and environmental protection in the
construction process, improved the basic data service of the platform, and rea-
lized the whole process and all-round real-time dynamic monitoring according
to the pain points of construction quality and safety requirements at all man-
agement levels, combined with data access such as video, Internet of things and
third-party system [10]. On this basis, the platform adopts the mature Domain
Driven Design (DDD) in the industry, takes the basic technical service as the en-
gine, takes the construction basic service as the cornerstone and the construction
business service as the core, and realizes the seamless flow of business data at all
levels during the construction period through the unified authorization man-
agement of the integrated platform.

The logical architecture design of the construction management platform is
shown in Figure 2 below.

The construction management information-based sub platform mainly carries
out online tracking management in the construction platform according to the
real-time data obtained by the construction quality and safety intelligent moni-
toring system and data acquisition related software and hardware equipment at
the level of project management department during the project construction pe-
riod. The overall architecture of the project can be divided into five logical levels,
mainly including display layer, business service layer, basic business service
layer, data layer and infrastructure layer.

The physical architecture of the construction management platform is shown

in Figure 3 below.

4.2. Maintenance Management Platform

The maintenance management sub platform is designed based on the mainten-
ance management requirements during the transportation and nutrition protec-
tion period of highway facilities. Based on the integrated framework, it makes

full use of the data results in the construction period and operation process, and
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realizes the intelligent management of maintenance early warning and main-
tenance decision analysis through technical means such as workflow engine, GIS
+ BIM visualization and big data analysis, so as to improve the maintenance
quality and efficiency.

The logical architecture design of the maintenance management platform is
shown in the following Figure 4.

The physical architecture design of the maintenance management platform is

shown in the following Figure 5.
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Figure 2. Logical structure design of BIM + GIS applied to highway construction management.
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4.3. Operation Management Platform

The logical architecture design of the operation management platform is shown

in Figure 6 below.
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Figure 5. Application of BIM + GIS in physical structure design of highway maintenance management.
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The physical architecture design of the operation management platform is

shown in Figure 7 below.
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The overall architecture of the operation management sub platform integrates

the whole highway video monitoring system and highway facility health moni-

toring system, realizes various business functions on the unified network archi-

tecture and comprehensive application sharing platform, realizes the integration

with video images, reflects the integrity of the highway co mprehensive moni-

toring system and improves the sharing degree of the system.

4.4. GIS + BIM Bottom Platform

The logical architecture design of GIS + BIM underlying platform is shown in

Figure 8 below.

The physical architecture design of GIS + BIM underlying platform is shown

in Figure 9 below.

5. BIM + GIS Technology to Solve the Path of Highway
Maintenance in Gansu Province

5.1. Comparison of Old and New Systems

Facing the above problems, the traditional management methods are difficult to

be scientific, effective and centralized. New technical means need to be adopted to

improve the management level and meet the needs of engineering construction.
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5.2. Application of BIM + GIS Platform

Applying BIM + GLS technology to Gansu highway maintenance project can

improve the project management level and change the traditional working mode.

Use BIM + big data, cloud computing and intelligent IOT equipment to streng-

then project supervision, ensure project quality and provide practical basis for

the application of smart highway and digital highway. Its main operation frame-

work is shown in Figure 10 below. The comparison between new and old sys-

tems is shown in Table 1.

Table 1. Comparison between old and new systems.

Old system

Functional
requirement

New system

Various systems are constructed by different stages and different implementation
subjects. The system is self closed, with scattered applications, information and
resources. It is lack

of collaborative management and cannot carry out effective decision support.

1. Project management requirements during construction period.
2. Project management requirements during transportation and nutrition care.
3. Digital management requirements of the whole process, role and business.

1. Improve the integrated management ability of highway construction and
maintenance.

2. Provide a safe and efficient platform for department coordination.

3. Improve the intangible assets in the highway management system.
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Figure 10. Operation framework of BIM + GIS applied to highway maintenance in
Gansu The solutions to the key technical problems involved are as follows.
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1) Technical problems—accuracy of BIM model

BIM faces great challenges in data accuracy and needs to find a suitable solu-
tion to combine data with multiple precision or file types. Carry out in-depth
integration and interactive utilization of data from the data and system level, so
as to achieve the purpose of integrated application and improve data accuracy
and use efficiency. Support the vertex by vertex coordinate conversion capability
of 3D model, the conversion between BIM model and GIS data in plane coordi-
nate system and geographic coordinate system, realize the accurate matching of
BIM model and GIS data under the influence of earth curvature, avoid cracks
and loopholes in rendering, and meet the accuracy requirements of data in the
process of construction, operation, maintenance and management.

2) Technical issues massive data management

BIM contains internal structure and a large amount of data, which puts for-
ward higher requirements for the performance of GIS software. BIM modeling
software manages a single building, but GIS needs to manage the BIM data of a
region or even the whole city, which requires higher performance. A large
amount of data will bring huge load. If BIM data is not optimized, there will be
serious performance problems in the loading and display of BIM data in GIS, af-
fecting the user experience and application effect. Make full use of the accelera-
tion ability of graphics hardware, store and draw the shared parts by instantia-
tion, and pre generate 3D slice data to reduce rendering batches [11]. Displaying
data with different levels of detail according to the distance from the viewpoint
can greatly shorten the data loading time and improve the user experience. De-
sign slicing and spatial index of BIM data, load data on demand, and improve
data loading and rendering performance.

3) Technical problems—three-dimensional space analysis

In addition to rendering and visualization, the combination of BIM and GIS is
more important to deeply integrate with the business system. To realize the asso-
ciation and integration of BIM data model and attribute data, BIM components
are stored and managed in spatial database in an object-oriented way, and can
support query, statistics and analysis. BIM data can be divided into two parts. One
part is model data such as 3D model, spatial location and appearance shape, and
the other part is attribute data such as associated documents and maintenance in-
formation. The two parts of data can be stored in the spatial database, so that it is
convenient to view the attributes, filter query and view by category of model ob-

jects, It can realize query, statistical analysis with complex business logic.

6. Expected Effect of BIM + GIS Technology in Highway
Maintenance in Gansu Province

6.1. Case Presentation: Application Verification of BIM + GIS
Technology in Highway Maintenance in Gansu
1) GIS map
Effect: display project location information, relationship between line trend

information and existing roads, bid section location, key projects, stations and
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stations, etc.

Value: use GIS map to master the surrounding environment of the project, the
construction scope of each participant and the setting of stations.

2) BIM function level application

Scenario: virtual reality combined with management.

Effect: BIM model carries out progress coloring to realize the display of the
overall progress of the project. Through the monitoring video, the specific con-
struction situation of the project site can be viewed in real time. Combined with
the panoramic function, the completion of the project can be viewed from dif-
ferent angles and different dates to form a panoramic image record of the con-
struction process.

Value: through the combination of BIM model coloring, panoramic photos
and video monitoring, the construction progress management and monitoring
are carried out in an all-round way from virtual model, 720 degree real scene
and real-time monitoring images, so that the project managers can have a more
comprehensive understanding of the progress of the project site.

a) Based on GIS map and BIM model, the whole project is displayed from ma-
cro to micro, and BIM model components are used as information carriers to in-
tegrate business data such as progress, safety, quality and cost, so as to solve the
problems of “information island” and “application island” between business ele-
ments in project management, and expand model application on the basis of
three-dimensional display. At the same time, it provides the basis and support for
data inheritance among construction, management and maintenance links [12].

Basic information: view the basic attribute information of 3D components based
on 3D models; Design file: View 2D drawing information of 3D construction;

Progress information: view the progress information of 3D components based
on 3D model;

Quality acceptance: Based on the 3D model, view the quality acceptance list and
specific forms of 3D components, and view the specific process; GIS map and BIM

function level and component level applications are shown in Figure 11;

Improving the integrated management ability of

highway construction and maintenance

GIS map »| Project location positioning Master the surrounding environment, construction
scope and station settings
BIM function y|Virtual reality combined with All-round construction progress management and
application management monitoring

Provide a more efficient platform for
department coordination

— Effectively save resources and facilitate online access -

Improve intangible assets in the highway
management system

Provide an interface for the public to participate
in the road construction and maintenance system

| Drawing management
i BIM component | Ly|  schedule management > Real-time control, tracking, analysis and early warning
application of project progress
| Quality acceptance — Better than collaborative management, data transfer

Figure 11. GIS map and BIM function level and component level application 3) BIM component level application.
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Quality problems: view the quality problems of 3D components based on 3D
models;

Potential safety hazards: view the potential safety hazards related to three-di-
mensional components based on the three-dimensional model;

Measurement information: Based on the 3D model, view the measurement
information and forms of 3D components. b.)Scenarios: Sheet management

Effect: decompose the construction drawings of the project, associate the project
parts with BIM components, and view the construction drawings of corres-
ponding parts separately in BIM components.

Value: cloud storage of project construction drawings can reduce drawing han-
dling and storage and paper consumption, effectively save resources, and facili-
tate all parties of the project to consult construction drawing information online
at any time according to BIM components.

b) Scenario: Schedule Management

Effect: it realizes the preparation of component level schedule, including the
overall project schedule and annual, quarterly, monthly and other phased sche-
dules. Through PC and mobile terminals, it supports the input of component
progress information from multiple dimensions such as output value amount,
engineering quantity percentage and image progress, and the statistical analysis
of progress data from multiple dimensions such as image, output value and time.

Value: the visual characteristics of BIM are used to visually display the image
progress of the project, conduct construction dynamic simulation and progress
comparison according to the planned time and actual time, facilitate progress
tracking and deviation analysis, and control, track, analyze and warn the progress
in real time.

¢) Scenario: Quality acceptance

Effect: BIM application and quality management module data exchange, the
process management and quality assessment of on-site construction are associated
with components, and the quality management data is loaded automatically in real
time. By clicking the model component, you can directly view the component
process acceptance status and relevant quality inspection forms, and the compo-
nent process acceptance status can be colored for three-dimensional visual display.

Value: associating the quality information with the BIM model makes the
transmission of quality information faster. Through the BIM model, all project
participants can more easily view the process acceptance data information and
process acceptance process of the project parts under their jurisdiction, which
can give full play to the advantages of collaborative management, and transfer

real, detailed and timely data to facilitate work.

6.2. Case Presentation: Application Effect of BIM + GIS Technology
in Rural Highway Maintenance in Gansu Province

1) Improve the integrated management ability of highway construction and
maintenance

The highway construction and maintenance integration platform adopts new
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generation information technologies such as big data analysis, GIS, cloud com-
puting, Internet of things, BIM, Al, VR and AR to realize the full circulation of
business data in the whole life cycle of construction, maintenance and operation,
ensure the real-time communication of information between all parties involved
in the construction stage, maintenance stage and operation stage, avoid informa-
tion island, and realize construction, maintenance Collaborative management at
all stages of operation.

2) Provide a more efficient platform for department coordination

The integrated platform for construction, management and maintenance of
highway engineering has established a real-time, stable and unified informa-
tion-based collaborative working environment for the government, all units in
the construction stage, all units in the maintenance stage and all units in the op-
eration stage, which enables relevant departments of highway engineering to
highly share information, work together efficiently, coordinate and process busi-
ness on a unified platform Form a scientific system of knowledge accumulation
and jointly face the changes of social environment, so as to effectively meet the
needs of social development.

3) Improve the intangible assets in the highway management system

The construction of the integrated platform of highway construction, man-
agement and maintenance will accumulate valuable intangible assets and infor-
mation wealth such as data, data and management experience for highway con-
struction and management, realize the value-added efficiency of highway assets,
and provide reference and support for highway construction and management
in the future.

4) Provide interface for public participation in highway construction and
maintenance system

In addition to providing information means and support for management and
decision-making, the integrated management platform of construction, manage-
ment and maintenance will also become a powerful tool and information source
for the majority of highway users. After the completion of the integrated man-
agement platform of construction, management and maintenance, the functions
of geographic information query, road condition query, real-time road condition
monitoring image and simulated driving will be opened to the public, so as to
provide the public with modern intelligent services such as real-time navigation,

speed reminder and emergency rescue.
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