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ABSTRACT:

In order to determine the necessary actions such as rehabilitation, repair and etc. required for maintaining the operating status of
aging bridges, the current conditions of these structures need to be assessed. Terrestrial laser scanners that are used to capture
texture-mapped point clouds have been frequently used for assessing the current conditions of these structures. Authors’ have
already developed surface damage detection algorithms in their previous work. The developed algorithms are capable of detecting
several damage types from the collected texture-mapped point clouds. This short paper focuses on presenting the field application of
a recently developed prototype software application that uses the previously developed surface damage detection algorithms.
Capabilities of the prototype software application can be listed as importing point clouds, working with images, extracting damage
features such as shape and size, determining condition ratings and producing damage reports for future investigations.

1. INTRODUCTION AND BACKGROUND

Terrestrial laser scanners possess the ability to capture the entire
surface data of an investigated structure. Therefore, it is
possible to develop new health monitoring methodologies that
do not require mounted sensors on the structure. Researchers
have been developing methodologies for using laser scanning
technology for both monitoring structures and detecting damage
in the last two decades (Lovas et al., 2008; Zogg, 2008; Olsen et
al., 2009).

Even though the texture-mapped point clouds provide an
opportunity to detect several damage types on an existing
structure, their usage for damage detection is still not common.
The authors’ previous research (Guldur, 2014; Guldur and
Hajjar, 2014) was focusing on developing both algorithms and
strategies for detecting surface damage from captured texture-
mapped point clouds. The details of these algorithms and
related strategies could be found in the listed references.

This short paper focuses on the field application of a recently
developed software prototype, on which the authors’ have been
working on (Guldur Erkal, 2017), that utilizes the previously
developed surface damage detection algorithms. The details of
the developed software application are given in Section 2.

2. DETAILS OF THE PROTOTYPE OF THE
DEVELOPED SOFTWARE APPLICATION

The developed software prototype is capable of directly on the
texture-mapped point clouds. The users first upload the part of
the point cloud that they would like to investigate for
visualization purposes. The application also gives an option to
the user for uploading images related to the damage region that
are later included in the generated final report. The user is then
given the option to select the investigated damage type. In order

to perform damage detection, the software automatically asks
for the user defined parameters. The software shows the
condition rating and the related condition rating explanation on
the screen. Finally, a report for the user is generated. This report
includes the images related to the damage, the damage type, the
damage features such as area and volume, the condition rating
and the condition rating explanation for the detected damage.
The condition rating of an investigated member is determined
by comparing the current physical state of the structure to what
it was on the day it started to service (the initial condition is
predicted if there isn’t enough information). Sample condition
rating guidelines from different sources are adapted to classify
the damage severity in a well-known format. As an example,
Table 1, which is taken from Manual Bridge Inspection Manual
of Ohio, gives the summary of condition rating guidelines for
the deck, superstructure and substructure.

3. FIELD APPLICATION AND RESULTS

In order to verify capabilities of the developed software
prototype, a field application has been performed. First, the
texture-mapped point cloud of a selected bridge is captured.
Then, a small region extracted from the deck was used to
perform surface damage detection.

The bridge, which was laser-scanned for this field application,
is the Cayirhan Bridge. This bridge is located on the state road,
D140, that lays in between Ankara — Nallthan, Turkey. The
Cayirhan Bridge was built in 1955 and since then, it has been
constantly operating. This bridge is a reinforced concrete arch
bridge with a total deck length of 105.7 m. The image of the
bridge is given in Figure 1 and the captured point cloud is given
in Figure 2.
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Figure 1: The image of the Cayirhan Bridge.
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Figure 2: The texture-mapped point cloud of the Cayirhan

Bridge.

As already mentioned, a portion of the deck has been extracted
in order to perform surface damage detection by using the

developed software prototype. The selected region is yellow-
marked in Figure 3.

Figure 3: The selected region on the bridge deck for surface
damage detection.

The texture-mapped point cloud of the selected region is
uploaded in the software prototype. Then, the image that is
marked with physical measurement locations is uploaded. The
damage type is selected from the drop-down menu and the
associated parameters, angle threshold and the intensity
threshold, are inserted. The procedures for selecting these
parameters are described in Guldur (2014). Finally, once the
“Damage Detection” is completed, the damage detection results,
the computed condition rating and the associated rating details
are displayed on screen. The comparison between the field
measurements and the computed surface damage dimensions are
given in Table 2.
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Figure 4: The screenshot of the software prototype that displays
the damage detection results of the selected region.
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Field Avg. Field Computed
Measurement . .
Meas. Measurements | Dimensions
#
(mm) (mm) (mm)
1 208
2 216
3 34 230 224
4 262
5 1825 1825 1795

Table 2: The comparison between the field measurements and
the computed surface damage dimensions.

4. CONCLUSIONS

In this paper, the field application of a recently developed
software prototype, which is specifically developed for surface
damage detection, is discussed. First, information on the
software prototype for surface damage detection is presented.
Then, the results of the surface damage detection performed on
an extracted dataset from Cayirhan Bridge laser point cloud via
the developed software prototype, are discussed. The future
research will focus on advancing the software for improving the
surface damage detection, visualization and reporting
capabilities.
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