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A Research on Applicability of Drone Photogrammetry for Dam Safety Inspection

DongSoon Park'", Jin-Il Yu?, Hojun You®

Abstract: Large dams, which are critical infrastructures for disaster prevention, are exposed to various risks such as aging, floods, and earthquakes.
Better dam safety inspection and diagnosis using digital transformation technologies are needed. Traditional visual inspection methods by human
inspectors have several limitations, including many inaccessible areas, danger of working at heights, and know-how based subjective inspections. In
this study, drone photogrammetry was performed on two large dams to evaluate the applicability of digital data-based dam safety inspection and propose
a data management methodology for continuous use. High-quality 3D digital models with GSD (ground sampling distance) within 2.5 cm/pixel were
generated by flat double grid missions and manual photography methods, despite reservoir water surface and electromagnetic interferences, and severe
altitude differences ranging from 42 m t0 99.9 m of dam heights. Geometry profiles of the as-built conditions were easily extracted from the generated
3D mesh models, orthomosaic images, and digital surface models. The effectiveness of monitoring dam deformation by photogrammetry was confirmed.
Cracks and deterioration of dam concrete structures, such as spillways and intake towers, were detected and visualized efficiently using the digital 3D
models. This can be used for safe inspection of inaccessible areas and avoiding risky tasks at heights. Furthermore, a methodology for mapping the
inspection result onto the 3D digital model and structuring a relational database for managing deterioration information history was proposed. As
a result of measuring the labor and time required for safety inspection at the SYG Dam spillway, the drone photogrammetry method was found to
have a 48% productivity improvement effect compared to the conventional manpower visual inspection method. The drone photogrammetry-based
dam safety inspection is considered very effective in improving work productivity and data reliability.
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Table 1 Dams used in the study

Structures Height Length Stora.gej capa;:lty Year O.f
(m) (m) (million m’) completion

JAR dam 99.9 562.6 250 1992

YCN dam 42 300 96.4 1980
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Table 2 General drone mission flight quality

Number of Average GSD RMS  Ground Coverage

Dam images [cm/pixel]  [pixels] [km?]
JAR 1,961 1.83 0.55 0.549
YCN 1.812 2.39 0.71 0.422
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Fig. 4 Profile Analysis using Digital Surface Model of JAR Dam
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Fig. 5 Profile Analysis using Digital Surface Model of YCN Dam
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Table 3 Damage information analysis results

Dam Crack Leakage  Damage Exposure of Rebar

JAR 0 0 0 0

YCN 1 sites 6 sites 2 sites 0
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Fig. 6 Detailed Damage Identification of YCN Dam Spillway
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ID Shape DamageCode Length Zone IsRepaired RepairlD
1 Polyline 000001 4.67 BLO1 True R0001
2 Polyline 000011 7.83 BLO1 True R0002
3 Polyline 000001 3.33 BLO1 True R0003
4 Polyline 000001 2.52 BLO2 False Null
5 Polyline 000001 1.1 BLO2 True R0004
6 Polyline 000101 0.3 BLO2 True R0005
I—| :
|
DamageCode Type RepairlD Shape Area ProcessedDate
000001 Crack R0001 Polyline | 10.7 Oct 5, 2021
000010 Efflorescence R0002 Polyline 49.8 Oct 5, 2021
000100 Leakage R0003 Polyline 10.3 Oct 5, 2021
001000 Scaling/Spalling R0004 Polyline 5.5 Oct 5, 2021
010000 Exposure of rebar R0005 Polyline 3.2 Oct 5, 2021
100000 Cavity R0006 Polyline 1.1 Oct 5, 2021

Fig. 9 Relational Database of Deterioration for Dam Conceret
Structures
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Fig. 10 3D Digitalized Safety Inspection Map of JAR Dam Spillway
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Table 4 Productivity comparison of safety inspection for SYG dam spillway (unit: man.day)

Labor and time (man.day)

Productivity improvement (%)

Inspection method

Field work Office work Total Field work Office work Total
Human inspection 28 34 62 57 41 48
Drone photogrammetry inspection 12 20 32 - - -
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