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Damage Evaluation of a Railroad Bridge Using
Time-domain Deflection Shape
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Sanghyun Choi - Nam-Hyoung Lim - Young-Jong Kang

Abstract To ensure the safety and functionality of a railroad bridge, maintaining the integrity of the bridge via
continuous structural health monitoring is important. However, most structural integrity monitoring methods proposed
to date are based on modal responses which require the extracting process and have limited availability. In this paper,
the applicability of the existing damage identification method based on free-vibration reponses to time-domain
deflection shapes due to moving train load is investigated. Since the proposed method directly utilizes the time-domain
responses of the structure due to the moving vehicles, the extracting process for modal responses can be avoided, and
the applicability of structural health evaluation can be enhanced. The feasibility of the presented method is verified
via a numerical example of a simple plate girder bridge.
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Fig. 1. Finite Element Model
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(a) Deflection Time History at the Bridge Center
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(b) Deflection Shape of the Bridge
Fig. 3. Time History Analysis Result at 190km/h
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Table 1. Damage Evaluation Methods

Speed
Methods Response Time Range pee.
Type Comparison
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Free Different
120km/h:; 5.97-6.965
@ Response see Speed
®3 Forced Same
Response
i 3-3.995sec Speed
@ Forced Different
Response Speed
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Fig. 4. Damage Localization Results (Damage Scenario 1)
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Fig. 5. Damage Localization Results (Damage Scenario 2)
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Fig. 6. Damage Localization Results (Damage Scenario 3)
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Fig. 7. Damage Localization Results (Damage Scenario 4)
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Fig. 8. Damage Localization Results (Damage Scenario 5)
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Fig. 9. Damage Localization Results (Damage Scenario 6)
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Table 2. Damage Evaluation Methods

True Estimated Severity (%)
Damage El Severi
Scenario | Cicrent| Severity | Method | Method | Method | Method
(%) @ @ &) @
@ 9 1 0.5 0.5 0.5 0.5
@ 5 10 6.5 6.5 6.1 6.1
® 3 5 3.3 33 3.1 3.1
5 10 5.4 5.4 49 4.9
@
9 10 4.7 4.7 5.0 5.0
7 2 0.9 0.9 0.9 0.9
®
15 5 2.9 2.9 2.9 2.9
5 33 33 2.8 2.8
® 6 2 0.9 0.9 0.8 0.8
12 3 1.3 1.3 1.4 1.4
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