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A Study on the Procedure for Applying Digital Twin to

Disaster and Aging Management of Port Infrastructure
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Abstract Korea's port infrastructure is rapidly aging, with old port facilities with more than 30
years of public life expected to surge from about 23% in 2019 to 47% in 2029. Traditional,
aging ports lose competitiveness in logistics processing, reducing development around the port
and increasing human casualties due to the human resource-based maintenance of the
facilities. Therefore, it is necessary to solve this problem by establishing systematic
management technology based on a digital twin. This research aimed to present the specific
implementation steps of a digital twin reflecting smart port technology through cases of port
infrastructure disasters, aging status, and smart ports. The study analyzed the port
infrastructure linkage system and created and mapped scenarios essential for digital twin
implementation. Three-dimensional (3D) modeling and simulation data for disaster and aging
management among existing port infrastructure systems were collected. A digital twin port was
implemented with 3D modeling. It implements a port digital twin simulation that links data
such as sensing data and image data acquired from the port infrastructure in real time.
Implementing a digital twin port for port infrastructure disasters and aging management can
secure predictive port infrastructure management and disaster safety
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Fig. 1. Smart automation port technology level by country.
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Table 1. Status of aging by port facility type

Port
Classifi Outer |Mooring |transport
. s e . Sum
-cation | facilities | facilities | -ation
facilities
Sum 149 460 28 637
more than 38 142 4 184
30 years | (26%) (31%) (14%) (29%)
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Table 2. Types of Port Facilities according to
Digital Twin Implementation

Type Target Facilities
Lock gate, Breakwater, Wavebreaker,
Outer g . -
- Groin,Tidal barrier, Training wall,
facilities
Seawall
Mooring | Quay, Dolphin, Landingpier,|Lighter's
facilities wharf, Floating pier, Dock, Lamp
Port traffic Roads, Bridges, Railways, Tracks,
facilities Canals
Port Landfill, Dredged soil Dumping
hinterland | ground, Port idle land, Urban land
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Table 3. Condition data by member damage type of caisson port facilities
Dept Status Grade
Sample | By Sea Extensio Year of h of | Years
No. | Fadlity Structure Area Scale n Completion | Wate | of Use | mim | max avg
r
#01 quay | caisson | South | 40,000 400 2007 17 14 400 | 400 | 4.00
#02 quay | caisson | South | 40,000 400 2007 17 14 4.00 5.00 4.75
#03 | quay | caisson | South | 40,000 400 2007 17 14 5.00 5.00 5.00
#04 | quay | caisson | South | 40,000 400 2007 17 14 400 | 400 | 4.00
#05 | quay | caisson | South | 12,000 | 1,100 2009 18 12 500 | 500 | 5.00
#06 | quay | caisson | South | 12,000 | 1,100 2009 18 12 500 | 500 | 5.00
#07 | quay | caisson | South | 12,000 | 1,100 2009 18 12 400 | 500 | 475
#230 | quay | caisson | Southt | 20,000 470 2013 12.5 8 400 | 500 | 4.08
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Fig. 8. Selection of essential activities among the main activities of port facility management
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Fig. 9. Integration of scenario maps for port facility management digital twin
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Fig. 10. Data Collection for Port Digital Twin
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Table 4. Port Digital Twin 3D Modeling Imple
mentation Phase

Phase Target Facilities
= 3D model production through
1 drawing and due diligence
3D = (Creating a Digital Twin
) Object
modeling = Build 3D libraries for Port
Digital Twin
* Production and placement of
3D models according to
@ drawings and due diligence
. = Establishment of space
Zoning and management areas such as
Entering control areas and work areas
GIS = GIS Information Settings for

Location Information Display
Settings to indicate
sensor/camera position and
status

* Manage the location of
equipment in real time using
communication such as WiFi
Check the condition of the
building in real time using
sensor data

Implementation of event
alarm function such as safety
accident/failure using sensor
data

Information | ,

©) -
Implermenting
3D Modeling | =

(1) =9 % AxE 5% 3D 2d A F3t
7z AA9 AFsty Juk fAE EY A
4asgk 3D Zo|BEEE &gt et Qe
Aot =5t T 7] P THS 7§ R
I8 113 Zo] Aty Yuk mwnto g HE3F}
FE2 Ut HALE Boto] BAoto] AAE B3t
B7E ©HS 7FA3 3DMax E7E B850
3D AAE 1Y 129 Zo] ATt
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Fig. 11. Port Drawings Example (Caisson),Drawing Source:
Rockwon Information Technology Co., Ltd., "Cafely Pier
Cason and Block Arrangement Diagram (1 OF 2)
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Fig. 12. Port Object 3D Production Example (Caisson)
Image Source: Rockwon Information Technology Co., Ltd.,
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Fig. 13. Port Infrastructure Digital Twin Prototype Case (Quay)
Image Source: Rockwon Information Technology Co., Ltd.,
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Table 5. Facility Simulation data

# Name Detail Date
Event 1 quay01 foverall grade E 2022.03.12
History 2 quay04 poverall grade E 2021.09.09
3 crane09 Tilt 2019.02.03
" Request  [Completion
Requester|Condition Date Date
Facili 2022-01-15le2[2022-01-151
M L I Y 52220
History 6.Seismic ]
Pre Wave Analysis 10 sec
condition |Response Time ’
Spectrum
Ground Regional
Condition| Coefficient| Coefficient_|e31 0119
setting | Importance .
Coefficient 12 Axis X

j_EI 14. A|A-{
J8 S =M |S(F)

Fig. 14. Examples of results according to facility
simulation conditions(Caisson)

Image Source: Rockwon Information Technology Co., Ltd.,
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Table 6. Disaster simulation conditions and out
come data

# Name Detail Date
Event 1 quay01 loverall grade E 2022.03.12
History 2 quay04 joverall grade E 2021.09.09
3 crane09 Tilt 2019.02.03
Requester Request Completion
Date Date
2022-01-15le22| 2022-01-15152
Disaster 20220222123 20 220
Risk
Simuation| Analysis Target| Start Analysis [End of Analysis
Incheon NeW | 2022-01-18 | 2022-01-18
P pi 14:22:20 14:43:20
assenger Pier
) Damage
Disaster| . : 46
Sinnulation CE:jiiitg;s Earthquake Intensity
Results Risk level/50%

8 15. AJME A|S2lold =73t Ao} Al (FH0]E),
8 M =s2d8ET|5(F)
Fig. 15. Examples of results according to facility

simulation conditions(Caisson), Image Source:
Rockwon Information Technology Co., Ltd.,
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