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The DTOP used in this work is unique in a few aspects. Firstly, and mainly, this is considered a server based 
DTOP. This means that it is accessible (with the required permissions) to any computer with internet access. 
This allows for users to access this information from both the lab and office without the need to transfer large 
amounts of data and simulation version control. One advantage of this is the ability to perform sanity checks 
while gathering the experimental data, more advanced simulations later, or collaborative work by another 
researcher at a different location. In addition to the server based nature, this DTOP also has a PostgreSQL 
database and can schedule finite element simulations using ABAQUS. While the finite element simulations 
are not used in this work, it is an intriguing aspect of the capability of digital twins and specifically this 
DTOP. 

3. Test Results

Because of the nature of the server based DTOP, each experimental result can be uploaded to the digital twin 
database almost immediately. Within the database, there are two main results that are stored aside from the 
testing parameters, like environmental temperature and added mass, and meta-data. These results are the time 
history and the resultant auto Power-Spectrum Density (PSD). Using these two results, most of the post-
processing can be performed. Storing this information in a database within the DTOP allows for a researcher 
to investigate the results in near real-time to ensure the quality of the results. Having this setup is particularly 
helpful for the multiple days of testing and the added limitations of social distancing.   

3.1 Operational Platform Visualization 

The main method of data transfer between the experimental setup and the researchers is through the database 
embedded within the DTOP. This eliminates the need to transfer the information via physical connections 
(USB drives) or email. Because of this method of data transfer, the DTOP is specially designed to display the 
experimental results, perform some simple post-processing (such as natural frequency/damping information), 
and give the ability to download the database entry to a local drive for other post-processing purposes (such 
as comparing the temperature effects).  

This visualization occurs in two steps, a selection then a visualization. For the selection, a list is populated of 
all the various test configurations (temperatures and added mass) queried from the database. Once a test is 
selected, the database entry is queried and displayed on screen. An example of this display is seen in Figure 5 
for a case near room temperature and no added mass. In the visualization, there are 5 main sections (as 
numbered in Figure 5). Section 1 displays the testing meta-data giving the temperature, added mass, and the 
test name and date. In Section 2, the average scalar post-processing results (natural frequencies and 
associated damping) are shown. This uses peak picking for the natural frequency and the half-power method 
for the damping ratio. These are averaged over all the sensors in the excitation direction over the 3 tests per 
configuration. 
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Figure 5: Experimental Visualization 

Section 3 in Figure 5 plots the PSDs for the excitation direction sensors over the 3 tests on the specified 
floor. The displayed floor can be changed via the drop-down menu. This can be used to visually identify the 
floor-to-floor variations in modal importance. Additionally, this shows the three modes of interest between 3 
and 30 Hz. Section 4 gives the ability to download the database information (PSD and time history) to a local 
drive. The final Section 5 shows the variability of the scalar post-processing values. This gives a histogram 
of the natural frequencies and the associated normal distribution fit to the data. These 5 sections are thought 
of giving enough information to ensure that the experimental data is valid and provides enough information 
for more complex simulations.  

3.2 Mechanical Issues 

While performing these experiments, there was a mechanical issue experienced in the environmental 
chamber after performing two of the six temperatures. This issue prevented the chamber from reaching a set 
stable temperature. Because of this issue, only the tests performed at 25C and 35C are available for this 
paper at the time of the submission deadline. The repair for this issue is scheduled and will occur shortly 
after the submission deadline. During the presentation of this work, all the results will be reported, but this 
paper will only contain the two temperatures recorded. This limits the number of conclusions that can be 
drawn. For example, with only two temperatures, the nonlinearity of the response to temperature cannot be 
examined.   

3.3 Post-Process Results 

Because of the issues with the experimental setup that led to only collecting two temperatures, it is difficult 
to make quantitative conclusions about the temperature effects. However, some remarks can be made on the 
trend that the added mass has based on temperature. To discuss this, both temperatures will be discussed 
individually, then some remarks are made about the differences. 

2c-0346 The 17th World Conference on Earthquake Engineering

© The 17th World Conference on Earthquake Engineering - 2c-0346 -



17th World Conference on Earthquake Engineering, 17WCEE 

Sendai, Japan - September 27th to October 2nd, 2021 

8 

As a first result, the PSDs of varying masses is presented in Figure 6. These results are for three sensors at 
the same corner for each floor and show the response with various added masses. To aid in the visualization, 
arrows have been added for each natural frequency to denote how the frequency changes with increasing 
mass. The first thing to note is that for increasing mass, all the peaks in the PSD decrease in frequency. This 
follows the common logic given from a single degree of freedom system where the natural frequency is 
inversely proportional to the mass. However, the magnitude of the peak varies depending on the natural 
frequency and the location. For a single sensor, take floor 1 for example, the fundamental frequency 
decreases in magnitude, the second frequency remains nearly constant, and the third frequency increases in 
magnitude. Both the fundamental and third natural frequencies appear to have nearly linear relationship to 
the added mass, while the second natural frequency does not show a trend but remains close to the same 
magnitude.  

Figure 6: PSD for Varying Added Mass at 25C 

One interesting aspect of Figure 6 is the comparison between floors. For the fundamental frequency, all three 
floors have a decrease in magnitude when there is added mass. However, the third natural frequency does not 
follow the same trend. For the first and second floor, there is an increase in magnitude while the third floor 
has a decrease in magnitude. The cause of this is unknown, but initial thoughts are that it is related to the 
change of the deformation shape. To validate this idea, the modal displacements calculated by the calibrated 
beam finite element model are used. For the fundamental frequency, the added mass solely just decreases the 
magnitude for each floor proportionally. Even with the decrease in magnitude, the general shape is nearly 
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identical. For the third frequency the proportions change with the increase in mass. With no additional mass, 
the first and third floor have very similar displacements (2.75 to 2.70 in modal units). However, when 
additional mass is added, this proportion changes to greatly reduce the magnitude of the third floor (3.2 to 
1.5 in modal units).  This might be the cause of the observed phenomena, but more investigation is currently 
being performed since this trend is not experienced for the second floor that has nearly identical 
displacement but does show an increase is PSD magnitude for the third natural frequency.  

In addition to the tests performed near room temperature (25 C), another test at the evaluated temperature of 
35 C was performed and shown in Figure 7. One of the most interesting aspect is how the fundamental 
frequency peak magnitude changes with increasing mass. For the first floor, there is nearly no changes in 
magnitude. This is in comparison to the other floors that have a slight increase in magnitude.  

Figure 7: PSD for Varying Added Mass at 35C 

There are a few aspects, considering the varied temperature, that remain the same while other aspects vary. 
One aspect that remains the same, because of the underlying physics, is that the increase in mass always 
decreases the natural frequencies. The main aspect to note in these results is the trend for the fundamental 
frequency. At 25 C, the magnitude of the peak universally decreased with the addition of mass, but at 35 C, 
this trend is different. There is no universality since the first floor has a different trend to the other floors, but 
also the second and third floor show an increase in magnitude. Conversely, the second and third natural 
frequencies show the same trend with the increase in temperature. This suggests that the fundamental 
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frequency is more sensitive to the temperature, showing some more complex coupling between the 
environmental temperature and the addition of more mass.  

4. Conclusions and Remarks

A common issue with determining damage causation is the coupling (possibly nonlinear) of various factors 
such as environmental temperature, occupancy, and other weather effects. This work sets out to classify and 
quantify the coupling between the environmental temperature and the added mass due to occupancy and 
weather. However, during the testing, there was a mechanical issue with the environmental chamber being 
used to perform these tests. Because of this failure, only two of the six temperatures were recorded by the 
time of this submission.  

With these two temperature results, there are some interesting aspects to remark upon.  The first aspect is the 
trend of how the increasing mass affects different floors at different temperatures. For the second and third 
natural frequency, the trend remains the same for both temperatures. However, the fundamental frequency 
shows different trends for the two temperatures. This suggests that the fundamental frequency has a more 
complex coupling between the temperature and added mass effects.  When repairs are completed on the 
environmental chamber, the remaining suite of tests will be performed to determine the coupling between 
temperature and added mass.  
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