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FLOOR VIBRATION SURVEY AND PROTOTYPE TUNED-MASS 
DAMPER TEST RESULTS FOR A UNIVERSITY SCIENCE RESEARCH 

BUILDING  

EXECUTIVE SUMMARY 

The University is renovating the Science Research Building on its campus. A 3000-square 
foot area on the first floor will be equipped with under-floor tuned-mass dampers (TMDs) 
to provide a reduced-vibration environment for vibration-sensitive equipment that may 
be placed there. A floor vibration survey in this area is performed to measure and 
document the ambient level of floor vibration and to determine the floor structure’s 
resonance frequency. The prototype TMD is tested before installation to determine the 
final configuration and the proper tuning resonance frequency. The worst-case vibration 
environment in the subject floor area satisfies the VC-C criteria which is suitable most 
vibration sensitive equipment (e.g., high resolution microscopes). Lower vibration levels 
are expected at other locations in the designated area, in part, because CMU walls that 
are not shown in the original drawings are present and stiffen the floor from below.  
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1. BACKGROUND 

The Science Research Building (SRB) on the University campus is undergoing interior renovation 
and exterior façade replacement. The structural system relies on poured-in-place reinforced concrete columns, 
precast beams and hollow core slabs for the first floor and precast beams and double-Ts for the second floor and 
roof. The SRB will support various laboratory spaces that may rely on vibration-sensitive equipment, such as scanning 
electron microscopes. No specific equipment has been identified; however, a roughly 3000-square-foot area on the 
first floor has been identified for vibration mitigation as shown in Figure 1. There are no specific vibration mitigation 
objectives because the specific equipment are not known; however, tuned-mass dampers (TMDs) are installed under 
the floor in this space to provide a reduced-vibration region.  

 

Figure 1 Science Research Building 1st Floor Plan with TMD Layout  

The 12-inch deep precast/prestressed hollow core floor slab members, similar to that shown in 
Figure 2, have a 3-inch-thick topping slab poured over the hollow core planks and span about 30 ft. The TMDs are 
mounted to the bottom surface of the hollow core panels at midspan. Each TMD weighs about 1600 lbf (to be verified 
via prototype TMD testing) and the two supports of each TMD are attached to the center of two adjacent 4-foot-
wide panels. As people walk across the floor and cause it to vibrate, the floor’s vertical motion causes the sprung 
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mass of the TMDs to vibrate and extract vibration energy from the floor system. TMDs must be tuned to the floor’s 
dominant mode of vibration to perform successfully. A vibration survey is performed in the SRB in the space where 
the TMDs will be located to (a) document the walking-induced vibration environment and (b) to measure the floor’s 
primary resonance frequency. A series of vibration tests are also performed on a prototype TMD at the fabricator’s 
shop to determine the relationship between the sprung mass and the TMD’s resonance frequency. Used together, 
these test results determine the final sprung mass for the TMDs. 

 

Figure 2 Typical 12-Inch Thick Hollow Core Slab with 3-Inch Topping  

 

2. FLOOR VIBRATION ASSESSMENT 

The floor vibration survey was performed on October 3, 2016. Three accelerometers are used to 
measure the time history acceleration response of the floor in three orthogonal directions (east/west, north/south, 
and up/down). The portable data acquisition (DAQ) system consists of a Windows-based laptop, a USB-powered 
four-channel 24-bit data acquisition module (Data Translation DT9837A), and the three single-axis accelerometers 
identified in Table 1. The setup, as positioned at the site, is shown in Figure 3. A sampling frequency of 1000 Hz is 
used to digitize the analog acceleration data stream. Data are acquired at four locations within the shaded area 
shown in Figure 1 to measure the typical walking-induced and transient heel-drop-induced vibration responses.  

Table 1 Accelerometers and Channel Assignments 

Channel Direction Accelerometer S/N Sensitivity 

1 Up PCB 393B04 45803 0.998 V/g 

2 North PCB 393B04 32503 1.003 V/g 

3 East PCB 393B04 45802 0.994 V/g 

 

The three accelerometers are attached to three orthogonal faces of a 3-inch steel cube that is 
placed on the hollow core slab as shown in Figure 3. The laptop and DAQ module are placed on the wheeled cart. 
Each 2-minute data acquisition period produces an ASCII text file containing the raw time series data with one 
column of time values for each sample (at 0.001-sec intervals) and three columns of acceleration values (in g’s). Each 
column of acceleration data corresponds to the channels identified in Table 1. The heel-drop data are used to identify 
the resonance frequencies of the floor. The walking-induced floor vibration data are processed using the standard 
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1/3-octave root-mean-square (RMS) methodology to assess the vibration levels relative to the Generic Equipment 
Vibration Criteria (VC-A through VC-E).  

 

Figure 3 Data Acquisition Setup and Three-Axis Accelerometer Block 

CMU walls are found to be present under the floor system in this area at two locations that are 
not reflected in the original drawings. These walls provide additional support and vibration mitigation to the floor at 
these discrete locations. The floor system is most susceptible to vibration between Grids 5 and 6, near the west end 
of the floor area of interest. The vertical transient heel-drop response of the floor system in this area is shown in 
Figure 4 (the red curve) and follows the expected damped-sine form for the free vibration of a dynamic system (i.e., 
the floor structure). The blue curve is a damped sine curve where the initial amplitude, frequency, and damping 
parameter are adjusted to achieve the best fit with the data. In this case, the floor vibrates at its resonance frequency 
of 15.6 Hz and has a critical damping factor of 4%. 

The data obtained during the walking-around period is assessed in the frequency domain as shown 
in Figure 5. The horizontal axis is the center frequency of the 1/3-octave band and the RMS vibration level is plotted 
in micro-g on the vertical axis. Various vibration criteria plotted in the figure include the Operating Theater (also 
known as the human perception threshold) and the five vibration curves Generic Equipment (VC-A, VC-B, VC-C, VC-D, 
and VC-E). VC-A corresponds to normal optical microscopes, VC-C is normally associated with sensitive medical 
scanners, such as magnetic resonance imagers. VC-D and VC-E are associated with the most sensitive imagers. The 
“Average” curve is computed from the vibration data and represents the average vibration level for one person 
walking within the space. The “Envelope” curve is the worst-case vibration that might be expected when one person 
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walks very close by the sensitive piece of equipment. The floor system would be classified as VC-C except for the 
peak response near 15.6 Hz, where the floor system resonant mode magnifies the walking-induced vibration.  The 
TMDs planned for this space should be tuned to address the 15.6-Hz mode identified in Figure 4. 

 

Figure 4 Heel-Drop Test Vibration and Theoretical Damped Sine Response 

 

Figure 5 1/3-Octave Root-Mean-Square Floor Vibration Assessment 
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Vibration levels between Grids 4 and 5 and between Grids 6 and 9 are significantly lower than 
those shown in Figure 5 because the stiffening effect of the CMU walls noted above. The “average” walking-induced 
vibration in these other areas satisfy the VC-E criterion.  

3. PROTOTYPE TUNED-MASS DAMPER TESTING 

The prototype TMD is shown in Figure 6. The TMD is up-side down relative to its orientation when 
installed under the floor system; however, this orientation does not affect the resonance characteristics of the TMD. 
The steel plates that are resting on the floor slab in the picture will be in contact with the under-side face of the 
hollow-core panels when the TMDs are installed in the SRB.  

  

Figure 6 Prototype TMD and Resonance Frequency Test Setup 

Two accelerometers are placed at midspan of the two 8-foot-long support bars. The TMD sprung 
mass is provided by the 61-lbf steel plates that are supported on the two round bars. The configuration shown in 
Figure 6 has five (5) plates at each of the four locations, which represents about half of the sprung mass the TMD is 
designed to support. Adding more mass plates reduces the resonance frequency of the TMD. The objective of the 
prototype test effort is to determine the number of plates and/or changes to the cross-section dimensions of the 
two 8-foot-long bars required to tune the TMD resonance frequency to the dominant SRB floor resonance frequency.  

There are two primary modes of vibration for the TMD that have similar resonance frequencies. 
The mode of interest has the two long bars moving up and down together. This is the “flexure” mode. There is also 
a mode where one bar moves down as the other bar moves up, so that the mass plates appear to rotate about the 
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longitudinal axis of the TMD. This is the “torsion” mode. The torsion mode provides no vibration-mitigation benefit, 
so it is critical to tune the flexure mode to the SRB floor resonance frequency. 

The accelerometer data obtained from the two accelerometers are added together to obtain a 
single time series signal that emphasizes the flexural motion because both accelerometers move in phase, and 
therefore add together, for the flexural motion. A second time series signal is formed by taking the difference of the 
two accelerometer data streams, which emphasizes the torsion motion where the accelerometers move out of 
phase with one another. The TMD is caused to vibrate by pushing down and quickly releasing one of the round mass 
support bars. The resulting free vibration time series are converted into the frequency domain and plotted as shown 
in Figure 7. The red curve (the “Torsion” curve) shows a much higher peak at 13.4 Hz than the peak at 14.8 Hz, 
indicating that the torsion mode for this configuration [seven (7) mass plates per bar (28 total plates)] is 13.4 Hz. The 
flexural, or bending, mode is therefore at 14.8 Hz. 

 
Figure 7 Prototype TMD Resonance Frequency Test 2 with 7 Plates/Bar  

Seven (7) tests are performed on the prototype TMD with different numbers of mass plates 
starting at five (5) plates per bar (i.e., 20 total). The test is repeated for 5, 7, 9, and 10 plates per bar and then 
repeated with 9, 7, and 5 plates per bar to confirm the repeatability of the results. The torsion and flexure resonance 
frequencies for the prototype TMD are summarized in Table 2 for each of these tests. The measured resonance 
frequencies are very consistent and repeatable for the repeated tests. The flexure resonance frequency ranges from 
10.9 Hz when a total of 40 plates are used to 18.3 Hz when a total of 20 plates are used (a higher resonance 
frequency could be obtained with fewer mass plates). The target flexural frequency is 15.6 Hz based on the floor 
vibration measurements obtained from the SRB. Without changing the cross-sectional dimensions of the long mass 
support bars, the target frequency can be achieved with an intermediate number of mass plates between 20 and 28 
mass plates. 

14.8 Hz (Bending)

13.4 Hz (Torsion)
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Table 2 Prototype TMD Resonance Frequencies 

Test No. Plates Torsion Flexure 

1 20 16.6 Hz 18.3 Hz 

2 28 13.4 Hz 14.8 Hz 

3 36 11.1 Hz 12.1 Hz 

4 40 10.1 Hz 10.9 Hz 

5 36 11.0 Hz 11.8 Hz 

6 28 13.3 Hz 14.8 Hz 

7 20 16.5 Hz 18.3 Hz 

 

A structural dynamics model of the prototype TMD is modelled in SAP2000 to predict the 
resonance frequencies for the TMD with a different number of mass plates or different size flexure bars. The test 
data shown in Table 2 are used to fine tune the SAP2000 model assumptions to improve the accuracy of the 
resonance frequency predictions. The flexure mode resonance frequencies predicted by the model are plotted in 
Figure 8 (blue line) along with the measured resonance frequencies obtained from the tests (red diamond-shaped 
symbols). The model is very consistent with the test results and shows that six (6) mass plates should be used at two 
locations and seven (7) mass plates should be used at the other two locations, for a total of 26 mass plates (1590 lbf), 
in order to tune the TMD flexure mode to the 15.6-Hz floor resonance frequency. No other changes to the prototype 
TMD design are required. 

 

Figure 8 Comparison of Finite Element Model with Prototype TMD Test Data 
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4.  CONCLUSIONS 

The area designated for reduced vibration on the first floor of the renovated Science Research 
Building should be cable of supporting the most vibration-sensitive equipment that might be assigned to the space. 
The dominant source of vibration is expected to be caused by the building’s occupants as they walk through the 
space or within the main corridors. Vibration measurements indicate that vehicle-induced ground-borne vibration 
is not a major contributor. Traffic on the closest streets fall within the campus limits with very restrictive speed limits.  

Vibration mitigation in the designated area comes from under-floor tuned-mass dampers and two 
CMU walls in the crawl space below that provide localized span-wise support to the hollow-core floor slab in this 
area. The CMU walls are not shown in the existing drawings and were discovered during the renovation effort. 
Tuned-mass dampers are also designed to counteract any vibration that may be magnified by the floor system’s 
primary resonant mode.  

 


