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b)

c)

Figure 5.2: CSiBridge model for offset load case for bridge C002408505 for the a) top, b)
side, and c) isometric view (load in kN).
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5.3 DISCUSSION OF RESULTS

Figures 5.3 and 5.5 shows the FEM model deflection caused by the LL of the
truckload for the center and offset LL from a viewpoint below the bridge, respectively.
Dark blue represents the greatest vertical deflection caused by the truckload placement on
top of the bridge, while red represents very little to zero vertical deflection. For both load
cases, the location of the truck is very close to the spot of the greatest LL deflection and
moves towards red near the abutments. The figures produced by the model can be
compared to Figures 5.4 and 5.6, which were previously created from the lidar in Chapter
4.5.2. The figures from CSiBridge appear to be distributing the deflection in a more circular
pattern than that of the lidar. This signifies a more uniform distribution of the load.

To make Figures 5.3 and 5.5 easier to visualize and better understand the deflection,
the center girder deflections at midspan perpendicular to the bridge were segmented out
with start representing 0 cm for the cross-section and end representing approximately 900
cm. These cross-sections and the cross-sections segmented out in Chapter 4.5.2 were
plotted as shown in Figures 5.7 and 5.8. Both the lidar and the model has the greatest
deflection occurring near the wheel line; however, the maximum values differ. For the
center LL, the lidar deflects slightly more than the model with a value of -0.26 versus -0.24
cm. However, for the offset LL, the lidar deflects moderately more than the model with
values of -0.22 versus -0.16 cm. These result in percent differences of 6.7% and 31.9% for
the center and offset LL, respectively. The model also appears to have a much smoother,

more uniform deflection with the girders far from loading experiencing greater deflection
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consistent shape or a very similar deflection pattern and near-zero indicating not a

consistent shape or a very different deflection pattern (Pastor, Binda, & Har¢arik, 2012).

|{(PA}${(PX}q |2

MACT D = g oo CoxTends

1)

Based on the deflection values in Figures 5.7 and 5.8, equation 1 was used to
produce the quantitative analysis results. The FEM models both matched the lidar fairly
well with values of 0.82 and 0.85 for the center and offset LL, respectively. The comparison
shows that the FEM models are able to approximate close to the same shape but not quite
match the results found in the field. This is caused by the FEM deflecting more uniformly.

Additional quantitative analysis results were also produced for the differential
deflection for all four cases at midspan using in Figures 5.9 and 5.10. The center LL FEM
model matched the differential deflection well with a comparison value of 0.84, but the
offset LL did not match well with a value of 0.52. The lower quantitative analysis result
for the offset loading is due to the offset FEM model not matching the unanticipated

torsional bridge response.
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Figure 5.3: CSiBridge model central LL deflection for the girders (cm) (below the bridge
viewpoint).
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Figure 5.4: C2C distance between DL only and DL plus central LL (cm) (below the

bridge viewpoint).
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Figure 5.5: CSiBridge model offset LL deflection for the girders (cm) (below the bridge
viewpoint).
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Figure 5.6: C2C distance between DL only and DL plus offset LL (cm) (below the bridge

viewpoint).
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5.4 CONCLUSIONS
The FEM model shows that the model predicts the girders deflecting more
uniformly than the response measured in the field. This results in underestimating the
maximum deflection for center loading to -0.24 versus -0.26 and overestimating the
deflection for offset loading to -0.22 versus -0.16 for the model and lidar, respectively. The
model results had a significantly less amount of differential deflection obtaining values of
0.028 and 0.027 cm as compared to 0.076 and 0.076 cm given by lidar for the center and
offset loadings, respectively. The level of differential deflection is significant because it
can cause problems such as longitudinal deck cracking like in IT girder bridges.
Uncalibrated FEM models may have trouble predicting the response for bridges with
unique properties such as the IT girder bridge system. Using lidar to calibrate FEM models

will likely result in better analysis results.
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CHAPTER 6 — CONCLUSIONS

6.1  CONCLUSIONS

The previous chapters summarized conclusions for each of their respective chapters
based on the lidar bridge response tests and FEM models. These conclusions identify that
lidar assessment can adequately be used for determining bridge response. Additionally,
lidar is specifically useful for bridges that will likely have unexpected responses due to
asymmetric geometry, unintended torsion for both the global bridge response or the local
rotation of individual girders, and/or asymmetric loading. This is because as the bridge or
loading becomes more complicated or unpredictable, the model created would become
more inaccurate. Narrowly scoped discrete sensors will need a great number of sensors or
they will miss part of the bridge response. Ultimately, lidar assessment has proved to be a
useful tool for identifying problems with bridge systems and can aid in identifying
problems within a system, monitoring deflections during phased construction, or
calibrating FEM models.

The live load testing chapter was used to introduce discrete sensors and some of the
problems associated with using these methodologies to summarize bridge deflection.
While discrete sensors collect data in limited areas and the data can be more difficult to
visualize, full-field methods allow for easy interpretation of results and can collect data
quicker and easier.

The bridge response chapter tested four bridges and identified that lidar assessment
was able to capture bridge responses with a high level of detail. The data collected can be

used to calibrate FEM models with difficult to predict parameters. Inaccurate parameters
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would likely result in a model with reduced accuracy, which would produce imprecise
estimations for distribution factors and load ratings, and not predict problems like excessive
deck cracking. Lidar is able to capture girder rotations, which can exacerbate existing
problems, as well as provide better insight into how a bridge is responding than what
traditional methods are able to do. Additionally, this chapter determined lidar was effective
at monitoring bridge response at different stages of phased construction. While phased
construction has a lot of uncertainty, it is not often monitored because discrete sensors
would have to be rigidly attached throughout the whole process. That type of process could
get in the way of construction and result in an overload of data. However, lidar can quickly
produce results without getting in the way of construction. The use of these results may
provide quick insight into fixing problems associated with phased construction.

The numerical assessment results for a prestressed concrete bridge found that the
model predicts the girders to deflect more uniformly than the field measured results. The
more uniform response caused underestimation for the max deflection for the center
loading and overestimating for the max deflection for the offset loading. Due to the
uniformity, the model produced significantly less differential deflection for both the center
and offset loadings. Differential deflection is noteworthy because it can cause problems
such as longitudinal deck cracking as it did in the IT girder bridge system. This error in
modeling shows how uncalibrated FEM models may have trouble predicting the bridge
response, especially for bridges with unique features and/or atypical loading. Calibrating
FEM models using lidar by adjusting model inaccuracies such as boundary conditions,

dimension errors, unintended composite action, and lower bound concrete strength will



79
likely achieve better analysis results leading to more accurate load ratings and distribution

factors for bridges in a more time-efficient way than discrete sensors.

6.2 FUTURE WORK

This thesis has concluded that lidar assessment can be an effective tool for the
evaluation and understanding of bridge response. However, its implementation may be
improved to get better results. The following research topics are suggested to further study
improvements for the use of lidar with change detection:

1. Compare differential deflection and adjacent differential deflection measured
with lidar to those measured with an LVDT or precise leveling to determine
accuracy. This was out of the scope of this thesis due to site access limitations.

2. Investigate the accuracy of registration by using point-based correspondence
versus feature-based correspondence to register the loaded scan to the unloaded
scan. An example of using feature-based correspondence is using a plane shape
on the bridge abutments to align the scans. The accuracy can be measured by
comparing the lidar deflections with the deflections measured by LVDT or
precise leveling.

3. Develop calibrated FEM models to account for details like deck cracking,
secondary bridge elements such as barriers, and springs for the abutments.
Validate the accuracy of calibrated models by testing how accurately they can
predict the dynamic response of Dbridges using equipment such as

accelerometers and strain gauges.
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