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Abstract 
Damage due to age or accumulated damage from hazards on existing structures poses a worldwide problem. It is 
essential to accurately assess the current conditions of these aging, deteriorating and damaged structures in order to 
evaluate their present status and decide on future steps for rehabilitation. Three-dimensional laser scanning technology 
has been increasingly used for capturing the current condition of structures. However, it is challenging to automatically 
extract meaningful information from the high-resolution laser scans even though they provide a detailed geometric 
representation, and the current state-of-the-art requires user interaction. This work focuses on generating a 
visualization and interactive assessment solution to assist bridge inspectors. This proposed solution utilizes previously 
developed laser- and image-based damage detection strategies that integrates existing condition rating criteria for 
automatically locating, quantifying and documenting a wide range damage types that are collected under three main 
categories: small deformations already existing on the structure (cracks); damage types that induce larger 
deformations, but where the initial topology of the structure has not changed appreciably (e.g., bent members); and 
large deformations where localized changes in the topology of the structure have occurred (e.g., rupture and spalling). 
This approach enables the establishment of transformative strategies for automated damage detection that will provide 
new capabilities for ascertaining the current state of large-scale structures and infrastructure systems. 
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In recent years, researchers developed several methodologies for using laser scanning 

technology for both monitoring structures and detecting damage. The common characteristic of 
most of the current approaches used for monitoring is to measure with high accuracy 
displacements, strains, pressures, or related quantities of a small number of points or collect 
information with visual inspection carried out by expert personnel [1]. Another commonly 
investigated application for laser scanners is to track changes, mostly during construction, by 
comparing two successive scans that are recorded throughout the process ([2] and [3]). In this 
work, however, laser scanners are used along with images in order to detect a wide-range of 
damage types. Both surface and element properties of the investigated structures were used to 
locate and quantify the detected damage. First, the representative surface and/or element properties 
were extracted and they were then used for differentiating damage locations from intact regions. 
The detected damage was then quantified and finally, the associated condition ratings were 
assigned. It should be noted that both local (changes in cross-sectional areas) and global changes 
(volumetric change and alignment information) were used to determine the representative 
condition rating of individual elements. All the applicable condition rating criteria tables were 
checked, and the governing condition rating was recorded for each element. Details of the 
developed algorithms and application examples can be found in [4] and [5]. 

 
In this research, several testbeds have been used to test and validate the accuracy of the 

developed damage detection algorithms. One of these testbed datasets was collected from the 
Bowker Overpass, which is located in Boston, Massachusetts. The Bowker Overpass suffers from 
a significant amount of deterioration that includes concrete spalling, cracking, steel corrosion, 
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section losses, and etc. In order to perform damage detection on this structure, 18 high-resolution 
laser scans along with images were captured by using a FARO Focus 3D scanner. Figure 1(a) 
shows an example of a concrete spalling region from Bowker Overpass that include the defect D1. 
The results obtained through the surface parameter-based damage detection is shown in Figure 
1(b). The comparison results for the validation set are given in Table 1. The obtained results 
showed that the errors associated with the described comparisons are varying between 0% and 
13%. These results are also compatible with the latest inspection report of the investigated regions, 
which was prepared by MassDOT [6]. 

 

 
 

(a) (b) 
 

Figure 1. (a) Image of the example damage region, D1 and (b) the visual damage 
detection results for D1. 

 
Table 1. Damage Detection results for D1. 

 

Defect 

ID 

Measurement 

Number 

Field 

Measurement 

(in) 

Computed 

Dimension (in) 
Error (%) 

D1 

1 ね.のど ね.ぬは ぬ.なな 

2 なば.どど なば.ぱの −の.どど 

3 に.のど に.なぱ なに.ぱど 

 
Overall, this research showed that the strategies developed for image-textured point clouds 

with varying quality can be used to develop automated damage detection, quantification and 
documentation methods. It should also be noted even though the developed algorithms are capable 
of detecting surface damage locations efficiently, there remains many possibilities for 
improvement as well, such as parameter selection optimization for each structure type, automation 
of the damage documentation process for visual inspections, damage detection through large-scale 
area surveying using LiDAR systems. 
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