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Establishment of a Standard Procedure for Safety Inspections of
Bridges Using Drones

ABSTRACT

In Korea, the number of national facilities for which a safety inspection is mandatory is increasing, and a safer safety inspection method
is needed. This study aimed to increase the efficiency of the bridge safety inspection by enabling rapid exterior inspection while securing
the safety of inspectors by using drones to perform the safety inspections of bridges, which had mainly relied on visual inspections. For
the research, the Youngjong Grand Bridge in Incheon was selected as a test bed and was divided into four parts: the warren truss,
suspension bridge main cable, main tower, and pier. It was possible to establish a five-step standard procedure for drone safety
inspections. The step-by-step contents of the standard procedure obtained as a result of this research are: Step 1, facility information
collection and analysis, Step 2, analysis of vulnerable parts and drone flight planning, Step 3, drone photography and data processing,
Step 4, condition evaluation by external inspection, Step 5, building of external inspection diagram and database. Therefore, if the safety
inspections of civil engineering facilities including bridges are performed according to this standard procedure, it is expected that these
inspection can be carried out more systematically and efficiently.
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Fig. 1. Flowchart of This Study
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Recommended Bridge Inspection
Procedure Using Drones

i

Stage 1: Bridge Information Review
i

Stage 2: Site Risk Assessment
i

Stage 3: Drone Pre-flight Setup
!

Stage 4: Drone-enabled Bridge Inspection
i

Stage 5: Damage Identification

Fig. 2. Bridge Inspection Procedure and Pictures using Drones Presented by Seo et al.(2018)
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(a) Overall View

Fig. 3. Youngjong Grand Bridge

(a) The Outer Surface of the Entire Section of the Bridge Truss
(2.8 km Long)

(c) The Outer Side of the Main Tower of suspension bridge
(107 m high)

(b) The Outer Surfaces of the Main Cable and Vertical Member
Connection Bands of the suspension bridge (550 m Long)

(d) Outside Surfaces of the Bridge piers (13 piers)

Fig. 4. Establishing a Flying Plan for Drones at Youngjong Grand Bridge
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Table 1. Drones and Cameras used in This Study
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DJI M600 pro DJI M300 Intel Falcon 8+
Drone
model |
BT
=
=
Size 1668x1518%727 mm 810%x670%x430 mm 768x817x160 mm
Weight 15kg 7kg 2.8kg
Flight time About 20 min About 43 min Maximum 26 min
. . 12 m/s (GPS mode)
Avalible Wind Speed 10 m/s (max. 12 m/s) max. 15 m/s 16 m/s (Manual mode)
Nikon Z7 DII P1 Sony A7R

Camera model
Resolution 8,256 x 5,504 8192x5460 7,360 x 4,912
(45.75 MP) (45 MP) (36.15 MP)
Focal length 35 mm 35 mm 35 mm
GSD 0.87 mm/pixel 0.88 mm/pixel 0.98 mm/pixel

(Flying distance 7 m)
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(a) The Outer Surface of the Warren Truss

(b) The Outer Side of the Main Cable
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(c) The Outer Side  (d) Outside Surface of west pier
of the Main Tower No. 4 (left: South Image, Right:
(107 m high) North Image)

Fig. 5. Orthomosaic Images Acquired by Drones of the Youngjong Grand Bridge
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a) Painting Peeling on the North Side of the Truss between
the west piers No. 7 and No. 8

(c) Close-up of the Cable Connection Part

b) Corrosion of Twenty Bolts of a Bolted Joint between west piers
No.7 and No. 8

(e) Close-up of the Handrail Part of the Main Tower

(9) Exposed Reinforcing Bars on the North Side of west pier No. 3
(Left: 140 mm Length, Right: 70 mm Length)

(f) Damage and Peeling of a Repaired Part of the Main Tower

(h) White Coating on the South Side of East pier No. 7 (0.01 m? area)

Fig. 6. Evaluation of Condition of the External Inspection of Each Member at Youngjong Grand Bridge
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Building of External
Inspection Diagram and
Data Base

Stage 4

Condition Evaluation
by External Inspection

Collection and Analysis
on Facility Information

Vulnerable Part Analysis
and Drone Flight Planning

Drone Photographing
and Data Processing

Fig. 7. Standard Procedure for Safety Inspection of Bridges Using Drones

Table 2. Main Contents of the Standard Procedure for Safety Inspection of Bridges Using Drones

Stage Work Main Contents

Stace 1 Collection and Analysis on |+ Collection of information such as specifications and drawings of facilities subject to safety inspection

& Facility Information  Check the safety inspection history and facility status

Vulnerable Part Analysis and . Ana1y.51s of vulnerable parts in the facility s.afety 1.n.spect10n history
Stage 2 Drone Flight Plannin * Planning the drone photography for the entire facility
e * Planning the drone photography focusing on vulnerable parts
Drone Photographing and Data . Achieve. drone .pFlotography permission and flight approval
Stage 3 Processin * Performing facility drone photography
e « Data processing, production of orthomosaic and DSM, and Performance inspection

Stace 4 Condition Evaluation by External| ¢ External appearance inspection from orthoimages and original photos

& Inspection * Perform condition evaluation by external inspection
Stace 5 Building of the External Inspection|* Create a digital external inspection network

& Diagram and Data Base * Establishment of a database (DB) in the safety inspection system

T gl we AR sl PdHEE sREd
B} AAHelaL &84 = <

F7HQ) TS FEte] =8 BdA 23 Fde] Folut
ute], Bre} o ik g Aot =8 kAo e ¢
ghs a K| shiolut wapgA] Soll thek thete] AlAE
T W& 71l £k

588
SEIFIL P 8o SRR Shid) EEe 7

e 3D BES EA & 5 Q7] vl A4

287t 7Kkl glow, e des Ak e

5 A

288 KSCE Journal of Civil and Environmental Engineering Research

He7leo] visRA] ot KIS sk 71l wet A=
Azt b Aot 7kee s 538 2
o] tiEAR] el diste] =23 &8sl A AR
FY7] 3 BEEAE vidshs Zo] 1 H3olvh AT
Sfete] FETHuLE HAEH =R sl okl v 3, A
al wQl AlolE, T, wze] v o8 o] B8 E9e
AABAL A AFFskglon 1 Aok ] 2 WeEs
efeiaL EAsto] aEapdEe] et =2 PRz ol @)
o] FEEAE AL 2 W8-S AME 5 STk

=
3o
v
f
¢
rr
fm
g
ioa
il




o
-0,
)
et}
N
o
W
=2
o
o
Y
(o}
T
il
Mr
1
P,E
(=
)
)
>
e
g
=

= 2
Aot} 3t =2 9 2 dlofE X dARA =8 &
S7F B vl ), APdE =2 Fad 9, dlofe] ] 2 vk
Az ASE T3kl glon, 4l AL AJeiErL
TAIRA AR B ARARI oJ5 oldkAte} eldaAl AE
WS Hal ok STHARe el Bl DB 75 W24
YA SARAPIEE AJelal P IE o) HoleHo]
(DB)E T55he WHloft: olE Sl 71| QPaiziaes]
o =8 s fEslal ¥Ed 5 Sl vl 5ol F7kEok
S Zlolnt wfehr] o] Bl we} nis EIFE BEEARIES]
FRAe] FEThd Bt AAAelal BEA0 R BIHAS
TH) U dE AR 7| okge] EXAVIE] g
T2 g oS o' Bold Ao odEy] il
o] FFHAE TIEo R slo] =2 A vt Aol
gk Aot b 5o AFE A7 e ofof & Aotk

gl 2

e
2

T= ZEATEIY 2020~2021 % AT-EAA}
(E2s &85 AEE RA viwd 2 B354 7
o37-8-99; (N0.202006 10FF0-00)] J8}e] S =|glom o] 7+
AF=HU T

A"

—

References

Bang, S. D., Kim, H. J. and Kim, H. K. (2017). “Vision-based 2D
map generation for monitoring construction sites using UAV
Videos.” 2017 Proceedings of the 34rd ISARC, ISARC, The
International Association for Automation and Robotics in
Constructionpp, Taipei, Taiwan, pp. 1-4.

Chen, S., Laefor, D. F., Asce, M., Mangina, E., Zolanvari, S. M. I.
and Byrne, J. (2019). “UAV bridge inspection through evaluated
3D reconstruction.” Journal of Bridge Engineering, Vol. 24, No. 4.

Cho, J. H. (2014). Accuracy and economic feasibility study of
orthoimage map production using UAV, Master Thesis,
University of Seoul (in Korean).

Chris, H. H., Jordan, M. W., Owen, B. and Steve, M. A. (2015).
“Earthwork volumetrics with an unmanned aerial vehicle and
softcopy photogrammetry.” Journal of Surveying Engineering,
ASCE, Vol. 141, No. 1.

Han, D. Y., Lee, S. B, Song, M. H. and Cho, J. S. (2021). “Change
detection in unmanned aerial vehicle images for progress
monitoring of road construction.” Buildings, Vol. 11, No. 4, pp.
1-14.

Julge, K., Ellmann, A. and Kook, R. (2019). “Unmanned aerial
vehicle surveying for monitoring road construction earthworks.”
The Baltic Journal of Road and Bridge Engineering, Vol. 14, No.
1, pp. 1-17.

Jung, S. H., Lim, H. M. and Lee, J. K. (2010). “Acquisition of 3D
spatial information using UAV photogrammetric method.”
Journal of the Korean Society of Surveying, Geodesy,
Photogrammetry and Cartography, Vol. 28, No. 1, pp. 161-168
(in Korean).

Kim, T. W., Hong, S. H., Choi, H. and Lee, K. H. (2018). “Efficient
extraction of road cross section using a UAV.” Journal of Korean
Society for Geospatial Information Science, Vol. 26, No. 1, pp.
69-75 (in Korean).

Korea Agency for Infrastructure Technology Advancement (KAIA)
(2019). Development of rapid diagnosis and evaluation
technology for bridge structures based on unmanned inspection
equipment, Construction Technology Research Project 4th Year
Final Report No. 11-B350021-000058-01.

Lee, J. O, Lee, S. B, Kim, S. G. and Lee, K. H. (2018). “Development
of standard work type in construction field to utilize unmanned
aerial vehicle.” Journal of Korean Society for Geospatial Infor-
mation Science, Vol. 26, No. 3, pp. 69-76 (in Korean).

Lee, S.B.,Kim, T.J., Ahn, Y. J. and Lee, J. O. (2019). “Comparison
of digital maps created by stereo plotting and vectorization based
on images acquired by unmanned aerial vehicle.” Sensors and
Materials, Vol. 31, No. 11, pp. 3797-3810.

Lee, S. B., Song, M. H., Kim, S. G. and Won, J. H. (2020a).
“Change monitoring at expressway infrastructure construction
sites using drone.” Sensors and Materials, Vol. 32, No. 11, pp.
3923-3933.

Lee, S. B., Won, J. H,, Jung, K.Y., Song, M. H. and Ahn, Y. J.
(2020b). “Digital elevation model production using point cloud
acquired by unmanned aerial vehicles.” Sensors and Materials,
Vol. 32, No. 12, pp. 4347-4360.

Lucieer, A., de Jong, S. and Turner, D. (2014). “Mapping landslide
displacements using structure from motion (SfM) and image
correlation of multi-temporal UAV photography.” Progress in
Physical Geography, Vol. 38, pp. 97-116.

Ministery of Land, Infrastructure and Transport (MOLIT) (2021).
Special act on safety and maintenance of facilities, Law No. 17946.

Morgenthal, G. and Hallermann, N. (2014). “Quality assessment of
unmanned aerial vehicle (UAV) based visual inspection of
structures.” Advances in Sructural Engineering, Vol. 17, No. 3,
pp- 289-302.

National Geographic Information Institute (NGII) (2018).
Guidelines for the public survey using UAV, NGII Guidelines No.
2018-1075 (in Korean).

Niethammer, U., James, M. R., Rothmund, S., Travelletti, J. and
Joswig, M. (2012). “UAV-based remote sensing of the Super-

Vol.42 No.2 April 2022 289



Sauze landslide: Evaluation and results.” Engineering Geology,
Vol. 128, pp. 2-11.

Oregon Department of Transportation (2018). Eyes in the sky:
Bridge inspections with unmanned aerial vehicles, Final Report,
SPR 787.

Park, H. Y., Lee, K. M., Han, M. H. and Kim, S. J. (2019).
“Structure safety inspection using drones.” Journal of the Korean
Assosiation for Spatial Structure, Vol. 19, No. 4, pp. 8-13 (in
Korean).

Presidential Advisory Council on Science and Technology
(PACST) (2018). 2018 Science and technology advisory report.

Rhee, S. and Kim, T. (2017). “Investigation of 1:1,000 scale map
generation by stereo plotting using UAV images.” The Inter-
national Archives of the Photogrammetry, Remote Sensing, and
Spatial Information Sciences, 2016 ISPRS International Conference
on UAV in Geomatics, Bonn, Germany, Volume XLII-2/W6, pp.
319-324.

290 KSCE Journal of Civil and Environmental Engineering Research

e 9% B2A% 4

Seo, J. W., Duque, L. and Wacker, J. (2018). “Drone-enabled
bridge inspection methodology and application.” Automation in
Construction, Vol. 94, pp. 112-126.

Siebert, S. and Teizer, J. (2014). “Mobile 3D mapping for surveying
earthwork projects using an unmanned aerial vehicle (UAV)
system.” Automation in Construction, Vol. 41, pp. 1-14.

Wang, X., Al-Shabbani, Z., Sturgill, R., Kirk, A. and Dadi, G. B.
(2017). “Estimating earthwork volumes through use of unmanned
aerial systems.” TRB Annual Meeting Promo Issue, Vol. 2630,
pp- 1-8.

Yu, M., Huang, Y., Zhou, J. and Liya, M. (2017). “Modeling of
landslide topography based on micro-unmanned aerial vehicle
photography and structure-from-motion.” Environmental Earth
Science, Vol. 76, No. 15, pp. 1-9, DOI: https://doi.org/10.1007/
$12665-017-6860-x.



