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In Myanmar, defects and possible deformation were
reported in many long-span suspension bridges. The
current state of bridge infrastructure must be inspected, so that deterioration can be stalled and failure can be prevented. A 3D laser scanner, specifically
the terrestrial laser scanner (TLS), has demonstrated
the ability to capture surface geometry with millimeter
accuracy. Consequently, TLS technology has received
significant interest in various applications including in
the field of structural survey. However, research on its
application in large bridge structure remains limited.
This study examines the use of TLS point cloud for the
measurement of three deformation behaviors at the
Pathein Suspension Bridge in Myanmar. These behaviors include tower inclination, hanger inclination, and
deflection of bridge truss. The measurement results
clearly captured the deformation state of the bridge.
A comparison of the measurement results with available conventional measurements yielded overall agreement. However, errors were observed in some areas,
which could be due to noise and occlusion in the point
cloud model. In this study, the advantages of TLS
in providing non-discrete data, direct measurement
in meaningful unit, and access to difficult-to-access
sections, such as top of towers or main cables, were
demonstrated. The limitations of TLS as observed in
this study were mainly influenced by external factors
during field survey. Hence, it was suggested that further study on appropriate TLS surveying practice for
large bridge structure should be conducted.
Keywords: bridge inspection, geometric measurement,
terrestrial laser scanner, point cloud, 3D model

1. Study Site and Methodology
2. Introduction
Being a modern lifeline structure, the collapse of major
bridges can lead to local-scale disaster resulting in casualties and substantial economic loss. Bridge inspection is
perceived as a crucial step for further maintenance decision, which can prevent bridge failure. Myanmar has the
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second largest geographical area in Southeast Asia and
in recent years, the fastest growing economy in the region. Rapid urban expansion and economic development
brings about a push for improvement in transport infrastructure. The construction of new roads and bridges have
been carried out and this trend is expected to continue. As
of 2012, Myanmar has a total of 4,728 bridges of which
741 bridges were considered major bridges spanning 54 m
or longer [1]. However, existing bridges have been reported with signs of deformation and deterioration requiring proper reinforcement and maintenance [2]. Therefore,
inspection of these bridge is necessary.
Recent interest in structural survey focuses on terrestrial laser scanner (TLS), a mid-range ground-based 3D
laser scanning system. TLS technology can record surface
geometry of object of interest without direct contact and
generate a high-precision model in millimeter accuracy.
The basic output of TLS survey is a set of points with each
point containing coordinates of its location in space. This
output is called point cloud. The advantages and need
for 3D structural information was emphasized by Park et.
al. [3]. The potential applications of TLS are in fields
such as engineering [4, 5], architecture [6], forestry [7, 8],
and heritage [9]. Various structural related studies have
attempted to utilize TLS technology, such as structural
deformation assessment [10, 11], and bridge surface damage detection [12]. However, these studies were either
conducted within laboratory settings or on a small-scale
structure. Few studies have applied TLS for the survey of
large structures. Pesci et al. [13] proposed a method to
measure 35-100 m height masonry structure deformation
by computing the differences between TLS data and a numerically constructed plane. Oskouie et al. [14] analyzed
the displacement of a highway retaining wall using TLS
point cloud. Still, the application of TLS for long span
bridges remains unexplored.
The objective of this study is to measure deformation
of a bridge structure using TLS point cloud. The Pathein
Bridge, a single span suspension bridge, was selected as a
study site. Data was collected at the site using TLS station
from FARO and three deformation behaviors were of interest for measurement. These behaviors include 1) tower
inclination, 2) hanger inclination, and 3) truss or deck
deflection. The results were compared to available conventional measuring methods. The advantages and limiJournal of Disaster Research Vol.13 No.1, 2018
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Fig. 3. Workflow to measure deformation from TLS point cloud.

tations of TLS point cloud to measure the current state of
bridge structure were also identified.

2.1. Pathein Bridge Conditions
The Pathein Bridge was constructed in 2004 across the
Pathein river between Pathein township and Ngwesaung
township. Its location and design blueprint are shown in
Fig. 1. The bridge is located approximately 200 km from
Yangon, the largest city in Myanmar. It is the nearest
bridge connecting Yangon to the coastal towns on the west
side of the country. The bridge’s total span is 458.22 m,
comprising 268.22 m main span and 86 m approaching
span measured from the anchorage on each side. Its towers was constructed with a steel segment erected 30.54 m
on top of reinforced concrete piers. The main deck is supported by 104 hangers, 52 on each side.
Visual inspection was performed and various defects of
the bridge were reported [1]. The road surface is situated
in an abnormal shape (Fig. 2a). Concrete cracks along
the cross beam of approaching pillars were also present
(Fig. 2b). Investigations by the Ministry of Construction
(MOC) did not indicate when these symptoms occurred
or reasons behind them. However, it was suggested that
the observed defects indicate possible deformation of the
bridge.
2.2. Data Collection and Point Cloud Processing
The overall methodology is shown in Fig. 3. This section provides information on the field survey and preparation of the point cloud from surveyed data. The finished
Journal of Disaster Research Vol.13 No.1, 2018

point cloud was then extracted for measurement, as presented in Sections 2.3 and 2.4.
On-site measurement at the Pathein Bridge was carried
out on the 7th and 8th of February, 2017. February, a dry
season, was selected owing to low occlusion from vegetation and accessibility to the base of the bridge tower,
which may otherwise be muddy. In this study, a mediumrange, phase-shift laser scanner, Faro Focus3D X330, was
used. The device can measure up to 330 m with 360◦ horizontal and 330◦ vertical field of view. The range error of
the laser measurement is 2 mm at 25 m from the scanner.
Parameters on the device that affect details of the scan results and scanning duration include scan resolution, scan
quality, and scan field of view. The field of view was not
adjusted and the default 360◦ horizontal and 330◦ vertical field of view was used for ease of setup during the
field survey. The resolution determines the density and
distance of points, while the quality determines the time
used for point sampling. High resolution provides sharper
details, while higher quality provides less noise. In this
survey, 1/2 resolution with 2x quality were used. These
settings approximately yield a point distance of 3 mm at
10 m from the scanner. Furthermore, a scan speed of
488,000 points per second was achieved in approximately
15 minutes per scan. High resolution was selected to ensure adequate number of points for the objects of interest,
in this case the hanger, which are considerably small and
located far from the scanner. This is useful to compensate
the reduction of point density representing distant objects
as laser beams travel further from the scanner.
TLS is a line-of-sight equipment, which means that
such device cannot collect data behind obstruction.
Hence, multiple scans from different angles are usually
required to capture the entire structure. Survey targets
were not distributed because traffic cannot be halted and
high-reach devices were not available. For this survey, a
total of 20 scans were carried out. Seven scan locations
were completed around the main tower on each side and
6 scan locations were completed on the deck section. One
scan was removed due to occlusion from large tree located next to T2 tower. The scanning locations are shown
in Fig. 4a. An example of a single scanned point cloud
from a scanner view point is shown in Fig. 4b.
Collected data was processed using Faro SCENE software. The specified device error from manufacturer is
2 mm. However, additional errors can occur during field
survey. Dark scan and edge artifact are commonly known
errors. Dark scan occurs when laser beams hit a highly reflective object, while edge artifact can result from multiple
factors, such as multiple returns of different range objects
along a single laser beam. Details of these errors were
discussed by Sotoodeh [15]. To reduce uncertainty due to
the aforementioned errors, filtering functions on SCENE
was applied on each raw scan. Dark scan point filtering
removes all points under a certain reflectance value. Stray
point filtering and edge artifact filtering remove outliers
resulting from edge effects. Applying filtering can decrease noise and improve quality, such that higher accuracy can be obtained in later processing.
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Fig. 1. Pathein bridge location (16◦ 49 27.3 N 94◦ 43 55.9 E) and design drawing (elevations and dimensions are given in meter).

(a)
(b)
Fig. 2. Defects identified from previous visual inspection: (a) Road surface with abnormal shape where the middle deck is situated
lower than the design. (b) Concrete crack at the cross beam imply possible movement of the main deck section

After removing outliers, each raw scan is required to
be co-registered to create a single combined model. Each
raw scan is referenced to the location of the scanner at
the time the scan was done. TLS is equipped with GPS,
which assists in identifying scan locations. Nevertheless, it only provides a rough guideline. In this study,
co-registration was completed by target-less registration
using unique structural features with no or minimal positional change; then, cloud-to-cloud optimization method
was applied. This cloud-based optimization is based on an
algorithm in which one scan is fixed while the other scan
is shifted and rotated to minimize the distance between
the closest point in each scan. Finally, duplicate point removal and homogenize point density were set to minimize
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the size of the finished model and memory requirement
during visualize. A spacing of 5 mm between points was
selected. A local coordinate was also created by applying
planner alignment using the planer surface of the crossbeam at T1 tower. The local coordinate was setup so that
x-axis represents the lateral bridge direction, y-axis represents the longitudinal bridge direction, and z-axis represents the elevation. To reduce additional time required
for applying the RBG image, the final point cloud did not
contain color as shown in Fig. 4c.

2.3. Object of Interest Extraction
The final point cloud model includes surrounding objects that are not relevant to our measurement, such as
Journal of Disaster Research Vol.13 No.1, 2018
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Fig. 4. (a) Overview of the scan location. (b) Example of a single scan from a view point of T1 003 scan location. (c) Combined
point cloud after co-registration.

Fig. 5. Extracted point cloud of T1, T2, and deck sections.

trees and buildings. The objects of interest can be extracted using clipping box based on visual interpretation
or prior knowledge on structure dimension. Tower T1 and
T2 were extracted by visual evaluation into 2 separate
models. The extraction of bridge deck portion was performed based on consistent distance between each hanger
located along the longitudinal direction of the bridge.
Clipping boxes with 20.25×1.4×36.0 m in x, y, and z
were created at every 5.5 m interval along the longitudinal direction of the bridge. Each clipping box contains a
pair of upstream and downstream hangers. The extracted
point cloud for T1, T2, and deck are shown in Fig. 5.

2.4. Measurement
2.4.1. Tower Inclination
Each measurement step for tower inclination is shown
in Fig. 6.
Step1 is to extract the planer surface that represents
the steel tower. The pier section does not exhibit deformation. Hence, our measurement focused on the steel
tower section. Since the steel tower is a rigid object,
Journal of Disaster Research Vol.13 No.1, 2018

Fig. 6. Inclination measurement of main towers.

instead of using all 4 facets, a single surface can represent the characteristic of the tower. The facet located toward approaching span was selected because it gives the
highest point density with minimal occlusion or missing
points. Planers were extracted based on the RANSAC
(RANdom Sample Consensus) algorithm developed by
Wahl and Klein [16] because of its high tolerance against
noise [17]. The RANSAC algorithm was set with a minimum of 200,000 points per each planer and 0.25 cm maximum distance to the best-fitting plane.
Step2 averages the y-value of each point on the extracted planer within 1.5 m increment from 29 m elevation
up to 59 m elevation.
43

Kitratporn, N. et al.

Fig. 8. Conventional measurement using digital spirit level
for comparison with TLS results.

Fig. 7. Inclination measurement of hangers.

2.4.2. Hanger Inclination
Each measurement step for hanger rope inclination is
shown in Fig. 7.
Step1 is to retrieve the individual hanger rope. Point
distribution in z and x axes was applied. The road surface is expected to contain a high number of points due
to its close distance to the scanner. Hence, high number
of points from the distribution curve plotted along z-axis
can be used as a tool to extract points for hangers located
above the road surface. Similarly, when plotted along the
x-axis, the number of points representing a hanger is expected to be higher than the rest and kept. On extracted
points, moving windows with 2.5 × 2.5 m in x and y direction searched from minimum x and y points. If points
exist inside a moving window, the z column is extracted.
Step2 is to calculate gravity points by averaging x and
y values every 10cm increment along the z-axis. Based
on the design of the bridge, the connection between the
hanger rope and the road surface is fixed. Hence, the xvalue and y-value from the lowest point were used as reference.
In Step3, the best-fit linear line was computed for displacement in the y-axis and height. The slope (l) from
the fitted line was then converted into degree using θ =
tan−1 (l).
Conventional measurement for hanger inclination was
carried out using hand-held digital spirit level device on
the same day as the TLS survey (Fig. 8). The digital spirit
level used was a 9-inch terpedo level, and it provides accuracy of up to ±0.05◦ .
2.4.3. Truss Deflection
Figure 9 illustrates each measurement step for truss deflection.
The inclination of each hanger rope along the bridge’s
longitudinal direction presented in degrees is plotted in
Fig. 10. The hangers exhibited clear inclination only
along the bridge’s axis direction. At each end close to the
main towers, the first three to four hangers were inclined
toward the direction of their closest tower. The four hangers closest to T1 were inclined toward T1 direction, while
44

Fig. 9. Steps for deflection measurement of bridge truss.

Fig. 10. Measurement of hanger inclination from TLS point
cloud.

the three hangers closest to T2 were inclined toward T2.
The rest of the hangers exhibited greater degree of inclination toward T1 tower as the location moved closer to the
middle of the bridge deck. The inclination of the hanger
ropes also indicated possible slippage of the clamp connecting each hanger to the main cables.
Step1 extracts the lower chord of the truss under each
hanger. After visually inspecting the point cloud model,
the deflection of the main deck cannot be measured from
the road surface due to incomplete points. Hence, points
from the lower chord were used. A reference point visible
under T1 main tower was assumed to represent the normal
elevation of the truss without sagging.
Step2 uses the lowest point from the extracted lower
chord to represent the deflection of the truss.
Conventional measurement for truss deflection was carried out using automatic level on 16 October 2016 by
MOC. The device provides accuracy of up to ±1.5 mm
Journal of Disaster Research Vol.13 No.1, 2018
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at 1 km double run leveling. The measurement was performed along the bridge deck at the expansion joint of T1
and T2 tower, as well as at each hanger rope. A total of
54 measuring points were obtained for each upstream and
downstream.

3. Results and Discussions
3.1. Point Cloud Registration
The final combined point cloud model for this study
was completed with an average of 9.6 mm mean point
co-registration error and average maximum point error of
15.37 mm. The final model was extracted into 3 sections,
namely T1 tower, T2 tower, and hanger ropes. This reduced the number of points to be handled from 326 million points to approximately 20 million points for each
extracted section. During the survey, it was observed
that dust particles from sand surrounding the survey area
sometimes blocked the rotating mirror of the scanner.
Therefore, the rotating mirror was checked and cleaned
if necessary. Without cleaning the mirror, these particles
can produce noise in the final model. In addition, the object of interest is a suspension bridge, which was built to
allow some structural movement. Consequently, the vibration of the bridge deck, especially toward the middle
section, seems to affect the level of noise in the scan result and required manual cleaning. Data of the vibration
behavior was not obtained, but it should be incorporated
in future study.
3.2. Tower Inclination Measurement
The inclination results of T1 and T2 are illustrated in
Fig. 11. The deflection from both T1 and T2 indicated
that the main towers on both sides are inclined toward
the bridge axis direction. The displacements at the top
were 21.4 cm and 30.7 cm at T1 and T2 respectively. The
distribution of measured points along the height of both
towers shows a higher degree curve shape as the height
increases. Such behavior is expected when the condition
at the bottom of the steel tower is fixed and the deformation is assumed to be a result of forces in the direction of
the bridge deck acting at the top of the towers.
Inclination measurement using the conventional
method was not available for either of the main towers
at the Pathein Bridge. A simple method that can be
employed are total station and inclinometer. The total
station, while considered highly accurate, requires
significant time and knowledge to collect large amount
of data. On the other hand, the inclinometer suffers the
limitation of discrete data collection. In this situation,
TLS demonstrates clear advantages of providing data for
the entire steel tower. This allows us to determine not
only the level of inclination, but also its shape.
3.3. Hanger Inclination Measurement
The shape of the inclined hanger ropes was expected
to be curved similar to the deflection shape observed at
Journal of Disaster Research Vol.13 No.1, 2018

Fig. 11. Inclination of T1 and T2 tower measured from TLS
point cloud.

tower T1 and T2. However, the missing points in some
sections along the rope, especially the hangers located toward the middle section, prevented a clear shape to be
extracted from the point cloud. Hence, the shape of the
inclination was not presented in this study, but listed as
observed limitation of TLS measurement.
The measured results were compared with conventional
measurement from a hand-held digital spirit level. The
measurements from the upstream and downstream sides
were averaged and compared for both TLS data and digital spirit level. The comparison is presented in Fig. 12.
Overall, the results showed good agreement. The average difference between the point cloud and data measured using the digital spirit indicated an underestimation
of approximately 0.11 degree. A high discrepancy was
observed in the middle of the main span. On closer inspection of the point cloud model, it was observed that
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Fig. 12. Comparison of measurement from TLS and digital
spirit level.

to TLS measurement, was compared with TLS measurement. The overall deflection between the two measurements showed a similar shape with less sagging effect
measured from TLS point cloud. Similar to the hanger
inclination results, measurements from the middle of the
main span showed the highest difference. Two possible reasons for the differences between TLS and leveling measurements are recovery after concrete blocks removal and the difference in the measuring location. Since
data collection by automatic level was performed right after the removal of the heavy concrete block on the main
span [18], the recovery from additional load removal in
2016 was not as settled as during TLS survey. Another
explanation is measurement location. Leveling measurement was carried out on top of the road surface. On the
other hand, measurement from TLS point cloud used the
bottom truss section to capture the deflection behavior.
This section was scanned from the ground level at each
side of the river bank. The distance from the scanner to
the bottom truss, especially the middle section, resulted in
the lowest part of the truss not being captured completely.
We identified noise on some of the extracted lower chord,
which can lead to differences in the result. Although errors from point cloud data itself cannot be clearly distinguished from the recovery effect, it can contribute to the
difference and should be considered for future prevention
of such effect.

4. Conclusion
Fig. 13. Extracted sample of hanger rope with missing point
and noises.

obstruction from the handrail resulted in some missing
data at the bottom of the hanger ropes. In addition, increased vibration of the structure in the middle section
likely caused higher uncertainty in the results. Fig. 13
shows a segment of the hanger with missing surface point
and noise. Hence, these errors were identified as limitations of the current point cloud model.

3.4. Truss Deflection Measurement
Figure 14 presents the truss deflection of the main
deck. Compared with the original design, the measurement identified significant differences, with the largest
difference of 74.2 cm in the middle section of the deck.
The deflection values closer to each tower showed greater
sagging, with hangers nearer to T2 exhibiting the highest level of deflection. It is possible that the inclination
of hangers presented in Section 3.3 can partially impact
the deflection of the bridge deck. The slippage of clamps,
though not measured in this study, was also observed by
MOC during the field survey. Since the reasons for hanger
inclination and slippage of clamps are not clear, neither
can be excluded as a potential cause of deflection.
The elevation of road surface measurement using automatic level carried out in October 2016, 6 months prior
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This study aimed to examine the application of TLS
technology for the measurement of suspension bridge deformation. Survey of the current geometric data from the
bridge structure is important for structural analysis and
maintenance decision. In this study, simple measurement
techniques were used on direct output in point cloud format. Three deformation behaviors were selected including main tower inclination, hanger inclination, and deflection of truss. The findings of the study are summarized
below.
1 Besides manufacturing errors, which varies depending on the device built and model, the uncertainty
of TLS point cloud was also influenced by external
factors during the field survey. These factors observed during this study include dust particles, the
distance between object and scanner, vibration of
structure, and occlusions. The average error from
registering multiple scans to create a single point
cloud was 9.6 mm. However, some locations can
possess higher error up to 15.32 mm. An acceptable level of error depends on the objective. Higher
accuracy can be achieved by minimizing the impact
of aforementioned factors during field data collection. Hence, further research should be conducted
in order to establish operational steps for TLS data
collection.
2 The ability to provide non-discrete data, direct meaJournal of Disaster Research Vol.13 No.1, 2018
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Fig. 14. Deflection of truss measured from TLS point cloud.

surement, and measurement of difficult-to-access areas were advantages of TLS technology observed in
this study. Direct measurement can be carried out
on TLS point cloud because it collects data in actual
unit. The measurement of areas that are otherwise
inaccessible or require extensive installation of other
conventional devices, such as the entire main tower
and main cable, can be done easily. These ability
provide clear advantages over traditional visual inspection and recording using photographs. TLS utilizes a single device unlike the use of multiple measuring devices commonly required during inspection.
3 Limitations were also identified when measurement
results from TLS were compared with available conventional measurement. High differences were observed at the middle section of the bridge deck. The
observed errors were mostly due to the distance of
objects from TLS, vibration of the structure, and occlusion. These factors should be considered during
the planning stage, so that suitable scan locations can
be selected to minimize errors.
4 This study utilized point cloud model, which considered the basic output from TLS survey. However,
measurement results in some areas, such as the middle of the main span, showed high error due to noise
and occlusion. An improved model can be generated by triangulating the point cloud into mesh or a
CAD model. In such model, an interpolation algorithm can be applied to estimate missing data and
exclude noise, in order to improve the final measurement.
5 Although structural analysis was not the focus of this
study, we believe that the results can be used to further in order to identify possible causes of structural
deformation and determine countermeasures to ensure structural safety.
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