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Abstract—Currently, in terms of maintenance of facilities, it 
is required to improve technical capabilities through new 
technologies and construction methods. Facility maintenance 
techniques through Augmented Reality (AR) are actively being 
studied to meet these demands. However, although using these 
techniques requires large amounts of data to store and process, 
the design of the database still needs to be well-considered. 
Poorly designed database causes problems, such as decreasing 
data processing speed and occurring dummy data like 
duplicated or incorrect data. These problems reduce the 
reliability of the data with huge information, blueprints, and 
images of Bridges. To solve these problems, we propose to design 
a normalized database table structure for the data required for 
the safety inspection of bridges through AR. Through this, we 
can expose efficiently to workers through AR devices. 
Furthermore, the reliability of the safety inspection will increase. 
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I. INTRODUCTION  

According to the recent Road Bridge and Tunnel Status 
Report 2022 issued by the Ministry of Land, Infrastructure, 
and Transport, the total number of road bridges in Korea is 
37,078, and the total length is 3,795.1km[1]. These bridges 
shall be subjected to regular safety checks two to three times 
a year or more, depending on the bridge grade[2]. Field 
surveys and tests are among the essential tasks of regular 
safety inspections, which require operators to conduct 
appearance surveys and some simple material tests on 
concrete and steel structures on road bridges. However, this 
method can cause safety problems for workers due to 
dangerous institutional environments. Also are problems that 
the method of creating a safety inspection result through paper 
can contaminate or reduce accuracy. In order to improve this, 
research on safety inspection through Augmented Reality (AR) 
and intelligent devices is active.  

We are researching to develop a facility interface by 
grafting a progressive web application-based facility 
condition evaluation engine to an AR device. For this study, 
this paper proposes a normalized database (DB) table design 
to store the pieces of information exposed to AR devices, such 
as bridge descriptions, bridge designs, and bridge photos. 
Through this, the cost of bridge safety inspection and bridge 
information management will reduce, and the report of safety 
institution reliability will improve. 

II. RELATED WORKS 

A. Building Information Modeling(BIM) 

BIM is the addition of information to the 3D drawing for 
the structure. BIM in the construction industry digitizes and 

integrates information throughout the project [3]. The BIM 
integrates information generated during the design and 
construction stages and collects and reprocesses information 
generated during the structure maintenance process. BIM 
allows structural maintenance tasks to expect benefits such as 
the efficiency of work, continuity of maintenance information, 
and proactive maintenance [4]. 

B. Database Normalization 

The database is not only essential to store data, but also to 
query and compute data. In the case of large amounts and 
types of data, the performance of the database is even more 
critical. One way to improve the database's performance is to 
normalize the table. DB normalization minimizes data 
capacity by eliminating redundant data properties and ensures 
data integrity by avoiding anomalies. There is also a way to 
simplify the data model. A low-quality data model if the 
properties to integrate are split across multiple entities or vice 
versa. Complex data models can be simplified in such cases to 
prevent performance degradation and duplication. In addition, 
the relationship between the data model and the workflow can 
be linked to ensure information traceability[5]. 

III. NORMALIZED DATABASE TABLE DESIGN FOR SAFETY 

INSPECTION ON BRIDGES THROUGH AUGMENTED REALITY 

A. Identify bridge-related data 

We identified BIM data on bridges and data necessary to 
display them through AR as general facility information such 
as facility names, GPS coordinates, facility 3D and 2D 
drawings, facility area information, facility type information, 
facility appearance inspection information, damage 
information, and photo information. 

 Facility information includes standard bridge data 
such as the facility's management number, the facility, 
the name of the facility, the GPS at the facility's 
starting point and ending point, and the facility's 
management entity. 

 Drawing information of the facility is stored as a file. 
3D design drawings are stored in the form of Industry 
Foundation Classes (IFC), and 2D design drawings are 
stored in Drawing (DWG). 

 A facility is divided into several sections according to 
its structure. For example, in the case of a road bridge 
passing through a river, it can be divided into an entry 
lamp, a section A, a section B, a section C, and a 
department lamp of the bridge. 

 The point type information of the facility is 
information on each point constituting the facility. In 



 

 

the case of bridges, piers support the bridge vertically, 
abutments support the bridge horizontally, and 
intervals connect the piers/bridges. 

 The member type information of the facility is 
information on the unit material forming the 
components of the frame. The types of members of the 
bridge include floorboards, girders, horizontal beams, 
vertical beams, and abutments. 

 The facility's appearance inspection information is 
investigated through appearance inspection during the 
safety inspection process. The appearance inspection 
information includes information such as the 
identification number of the appearance inspection, the 
person in charge of the investigation, the date of the 
investigation, and the evaluated safety grade. 

 The defect information of the facility is information on 
the defect observed as a result of the appearance 
inspection. The facility's defect information includes 
the identification number of the appearance 
investigation, the identification number of the defect 
site, the defect point, the defect content, the length of 
the defect, the width of the defect, the area of the defect, 
the starting and ending point of the defect. 

 The appearance inspection photo information is 
information on a photo taken as a result of an 
appearance inspection. It has the storage location 
(URL) of the image file, the identification number of 
the photographed appearance investigation, and the 
serial number of the photographed member as 
attributes. 

 Facilities are managed on a member basis. We named 
it part. Each member is distinguished by a serial 
number consisting of an interval identification defense, 
a point type identification symbol, an order at the point, 
a member's identification number, and an order at the 
member. Each member also has a 2D design drawing. 

B. Normalized  DB Table Structure Design 

Figure 1 is a normalized DB table structure that stores 
previously identified data elements. In order to focus on the 
structure of the design, we omitted several vital attributes. 

Part ⓐ of Figure 1 is a group of tables for storing 
information on bridges. The group includes a table for storing 
general information about bridges, a table for sections of the 

bridge, and a table for members of the bridge. A part ⓑ is a 
group of tables for storing categories common to all bridges. 
The group includes a point category and a member category 

table. Also, the group ⓐ contains the group ⓑ. A part ⓒ is a 
group of tables for storing information on files accessed by the 
BIM system: a drawing and photo information table. A part 

ⓓ is a group of tables that store appearance inspection 
information, including an appearance inspection information 
table and a defect table. 

IV. APPLICATION CASE 

As an application example of the normalized DB table 
structure design proposed in this paper, we implement a 
RESTful API for communication with a safety check 
application installed in an AR device. Table 1 is an API 

Fig 1. Normalized Database Table Structure for BIM Data 



 

 

specification for the implemented RESTful API. A method of 
obtaining basic information on a bridge for safety inspection 
and providing information on a corresponding area through 
indexing information is implemented.  

Table 1. RESTful API Specification 
Method URI Query Parameter 

GET /bridge/{bridge_id}  

GET /bridge/{bridge_id}/part part_id: String  

 

 

Fig 2. Response Result of URI '/bridge/{bridge_id}’ 
Figure 2 shows the API response to /bridge/{bridge_id}. 

The inspecting bridge ID should be entering in {bridge_id}. In 
that case, it provides the bridge's name, the starting/ending 
point of the bridge (latitude and longitude), the management 
entity, and the storage location of a 3D drawing with the IFC 
form. 

 

Fig 3. Response Result of URI ‘/bridge/{bridge_id}/part’ 
Figure 3 shows the API's response to 

/bridge/{bridge_id}/part. API provides information on the 
part when the inspecting part's serial number is transmitted as 
a value for the part_id Key. Providing information is the order 
at the point of the bridge, the order at the member, the name 
of the section, the name of the point, the name of the member, 
and the location of the 2D drawing file with the DWG form. 
In addition to the basic information on the inspecting member, 
the results of the appearance inspection through existing 
safety checks and the defect information inspecting member 
are provided. 

V. CONCLUSION 

This paper proposes a normalized DB table design for the 
safety inspection of road bridges through AR. Through this, it 
is possible to efficiently inquire about bridge information, 
drawings, and photo information to be exposed by the AR 

device during the safety inspection work. In addition, it is 
possible to prevent data contamination and inaccurate data 
recording by inputting appearance inspection work 
information into the DB through an intelligence device. 
Through this study, we expect the safety inspection workers 
to efficiently expose the information they need when working 
to the front of their eyes to increase work efficiency and the 
reliability of the safety inspection results. Future research will 
be conducted to predict defects in bridges by learning safety 
inspection information collected through DB. 
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