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FLOOR VIBRATION SURVEY FOR A 
BIOMEDICAL RESEARCH CENTER  

EXECUTIVE SUMMARY 

A recently-constructed Biomedical Research Center is preparing to 
occupy the currently-vacant 3rd floor. Rooftop mechanical systems are 
mounted on the level directly above the 3rd floor and a vibration survey is 
performed to verify its suitability for the use of vibration-sensitive equipment. 
Accelerometer data are acquired at six different locations on the floor and each 
location is classified using the established criteria for generic sensitive 
equipment. The highest vibration occurs in the middle of the building and the 
lowest vibration levels are measured at the south (plan) end and along lettered 
gridlines. Vibration levels are too low to be felt by future occupants of the 3rd 
floor and moderate-power optical microscopes can be used anywhere on the 
floor. Vibration isolation tables should be very effective when needed for 
extremely sensitive equipment and are recommended for locations near the 
middle of the building. Bispectral analysis suggests that the dominant source of 
the vibration is generated by the exhaust fan, which should be inspected for 
improper assembly or loose connections. 
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Section 1 

BACKGROUND 

A new Biomedical facility is preparing to occupy new office space on the 3rd floor. Vibration-
sensitive microscopes and laser scanners will be in use on the floor and staff are concerned about possibly-
disruptive vibration generated by the rooftop chiller and exhaust fan. This vibration survey is intended to measure 
the ambient vibration and to determine if the present level of vibration will interfere with the use of the 
instruments.  

Qualitative vibration requirements from manufacturers of some of the equipment (Agilent and 
Applied Spectral Imaging) that will be operated on the 3rd floor have been provided by the client. Applied Spectra 
Imaging recommends that their instrument be placed on an anti-vibration table or a “vibration-free” bench. 
Agilent recommends their scanner be located on a sturdy workbench where vibration cannot be “felt or seen.” 
Qualitative guidance with respect to permissible levels of vibration is not unusual as sensitive instrument 
developers rarely have staff with vibration expertise or are willing to fund an expensive vibration test regimen to 
determine the maximum-allowed vibration as a function of frequency. The need for quantitative vibration limits to 
assess the suitability of laboratory and high-tech manufacturing spaces has led to the development of the 
Vibration Criteria (VC) curves1 for “Generic Sensitive Equipment” shown in Figure 1-1.  

 

Figure 1-1 Vibration Criteria Curves for Generic Sensitive Equipment 

                                                                 
1  Amick, H., Gendreau, M., Busch, T., and Gordon C., “Evolving Criteria for Research Facilities: I – Vibration,” Proceedings of SPIE Conference 

5933: Buildings for Nanoscale Research and Beyond, 2005  
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Vibration data obtained from accelerometers are converted from the time domain into the 
frequency domain and the root-mean-square (RMS) vibration level is computed in sliding 1/3-octave frequency 
bands and compared to the VC curves. As a general rule, accelerometer data are acquired over a long period of 
time and then divided into shorter-period segments. The RMS levels are computed by averaging the segment-to-
segment results over the total data acquisition period.  

The VC curves from A to E represent increasingly tight restrictions on vibration as described in 
Table 1-1. The highest level of vibration corresponds to VC-A, which is suitable for environments where moderate-
power optical microscopes are in use. Vibration satisfying the VC-A criterion cannot be felt and certainly cannot be 
seen. The detail size noted in the table provides additional guidance for assessing the applicability of the VC level 
for a given application. The end-users for the space are better suited for comparing their needs with the detail 

levels shown in the table. For example, a laser scanner designed to resolve details as small as 4 m requires a 
vibration environment that meets the VC-B criterion.  

Table 1-1 Generic Sensitive Equipment Vibration Criteria Curve Definitions 

VC Curve Detail Size Typical Application 

A 8 m 

Adequate in most instances for optical microscopes to 400×, 
microbalances, optical balances, proximity and projection aligners, 
etc. 

B 3 m 
Appropriate for inspection and lithography equipment (including 

steppers) to 3 m line widths. 

C 1-3 m 

Appropriate for optical microscopes to 1000×, lithography and 

inspection equipment (including some electron microscopes) to 1 m 
detail size, TFT-LCD stepper/scanner processes. 

D 0.1-0.3 m 
Suitable in most instances for demanding equipment, including many 
electron microscopes (SEMs and TEMs) and E-beam systems. 

E < 0.1 m 

Assumed to be adequate for the most demanding of sensitive 
systems including long path, laser-based, small target systems, E-
beam lithography systems working at nanometer scales, etc. 

  

Any vibration that significantly exceeds the VC-A criterion is considered to be unacceptable for 
the intended use of the space. The VC-A criterion may be acceptable for some of the equipment that will be 
employed on the 3rd floor, especially if a vibration isolation table is used. VC-C is often associated with use of 
magnetic resonance imagers and is therefore likely to be much more restrictive than necessary for the intended 
use of the building; hence VC-C, D, and E are considered to be compatible with any equipment that might be used 
on the 3rd floor. The VC-B criterion represents a reasonable vibration level that should be compatible with most 
sensitive equipment when placed on a sturdy work bench. A vibration isolation table could be used for especially-
sensitive equipment. For the purposes of this assessment, VC-A is considered to be marginally acceptable, VC-B is 
deemed acceptable, and VC-C through E are considered to be unconditionally acceptable. 

 

.  
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Section 2 

DATA ACQUISITION 

The vibration survey was conducted on May 24, 2013 between 11:30 AM to 3:00 PM. The 3rd 
floor of the building is currently unoccupied shell space; however, the lower floors are occupied and the building 
mechanical systems are fully functional. No other human activity was present on the 3rd floor during the survey. 
The building is a reinforced concrete structure (fc = 4000 psi) intended for research/medical use2 with a 25-in.-deep 
pan joist floor system. The joists are spaced at 5-ft on center, span 22 ft, and frame into 33-ft-long, 36-in-deep 
girders. The slab is 5-in.-thick and the columns are 20-in. square.  

2.1 DATA ACQUISITION EQUIPMENT AND MEASUREMENT PROCEDURE 

Acceleration data were acquired using a portable data acquisition (DAQ) system consisting of a 
Windows-based laptop, a USB-powered four-channel 24-bit data acquisition module (Data Translation DT9837A), 
and the four single-axis accelerometers identified in Table 2-1. The accelerometers and 24-bit DAQ are capable of 

measuring accelerations less than 10 gRMS. 

Table 2-1 Accelerometers and Channel Assignments 

Channel Location Accelerometer S/N Sensitivity 

1 Slab (1/2) PCB 333B52 46982 1.044 V/g 

2 Slab (1/4) PCB 333B52 46983 1.040 V/g 

3 Girder PCB 393B04 32502 1.003 V/g 

4 Beam PCB 393B04 32503 1.009 V/g 

 

Data were acquired with a sampling frequency of 1000 Hz for a continuous 10-min period at each 
of six locations on the 3rd floor where shown in the left-hand side of Figure 2-1. Each location is identified as EB01, 
EB02, etc. and at each location, the accelerometers are positioned relative to the floor structure as shown on the 
right-hand side of Figure 2-1. The accelerometer assigned to Channel 1 in Table 2-1 is always placed at midspan of 
the middle joist at each measurement location. Likewise, Channel 3 is always located at the midspan of the girder. 
A typical accelerometer layout is pictured in Figure 2-2 for the EB06 location. 

                                                                 
2  Buildings intended for research/medical use are often designed to satisfy more demanding stiffness requirements that 

exceed strength requirements. 
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Figure 2-1 Measurement Locations (Left) and Structure (Right) 

 

Figure 2-2 Instrumentation Layout and DAQ Equipment (EB06) 
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2.2 DATA OVERVIEW 

The data measured at each of the six locations on the 3rd floor have similar characteristics. A 
time-frequency spectrogram showing the vibration amplitude (as different colors) as a function of frequency over 
the 10-minute measurement period is shown in Figure 2-3 for the EB03 location at the girder midspan. Vertical 
(constant frequency), thin (very narrow bandwidth), continuous lines represent vibration caused by operating 
mechanical system(s). The most prominent signatures occur at 13.8, 17.1, and 19.8 Hz. The rooftop exhaust fan is 
rated at 1140 revolutions per minute (RPM), which is equivalent to about 19 Hz—very close to the 19.8 Hz 
vibration measured here. These signals are present throughout the 10-minute observation period which indicates 
the exhaust fan operated continuously during the data acquisition period.  

 

Figure 2-3 Time-Frequency Spectrogram, EB03, Channel 3 

The power spectrum computed from the data shown in the time-frequency spectrogram is 
plotted in Figure 2-4. The power spectrum is best-suited to characterize the vibration amplitude in power spectral 
density (PSD), measured in g2/Hz, across the frequency domain. The PSDs for each of the six measurement 
locations are provided in Appendix A. An unusually large number of narrowband peaks are visible in the power 
spectrum and each peak represents heightened vibration at those frequencies. It is possible that several of these 
peaks are caused by the exhaust fan operation alone. The number and relative amplitude of the peaks is 
somewhat surprising. A smoothly operating machine produces a single prominent peak. Multiple peaks, when 
harmonically related, may be indicative of bearing wear/damage, shaft misalignment, or flow interaction 
anomalies. Harmonics that would typically be associated with these mechanisms do not appear to be present in 
the power spectrum. Also, bearing wear seems unlikely because the building is relatively new. 
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Figure 2-4 Power Spectrum, EB03, Channel 3 

The 19.8-Hz peak is present at all of the locations. The relative magnitudes of the spectral peaks 
at 13.8, 17.1, and 19.8 Hz vary from measurement location to measurement location, which is surprising if they 
arise from a common source. The three peaks are most prominent at EB02, EB03, and EB04.  

Bispectral signal processing analysis is sometimes used to identify faults in operating machinery3. 
The bicoherence spectrum computed from the vibration data measured on the girder at EB03 is shown in Figure 
2-5. There are two strong bicoherence signatures (0.84 and 0.74) in the spectrum at f1 ≈ 17.1 Hz and f2 ≈ 17.1 Hz, 
and at f1 ≈ 19.8 Hz and f2 ≈ 13.8 Hz. The coherence exists among three spectral lines at f1, f2, and f1+f2. In this case, 
the sum frequency (f1+f2) is a common 35 Hz. The amplitude of the 35-Hz peak is not high; however, it does appear 
to be the common link among the three frequencies most responsible for the vibration on the 3rd floor. 
Bicoherence magnitudes are bounded between 0 and 1, with 1 representing total coherence. Noise is always 
present in real systems, so the measured coherence values of 0.84 and 0.74 represent extremely high levels of 
coherence in this case. This analysis indicates that the vibration at 13.8, 17.1, 19.8, and 35 Hz are strongly 
correlated, which further implies that the vibration emanates from a common source. That common source is 
most likely the exhaust fan.  

                                                                 
3  Halim, E.B., Shoukat, M.A., Choudhury, S.L., and Zao, M.J., “Fault Detection of Rotating Machinery From Bicoherence Analysis 

of Vibration Data,” University of Alberta, Canada. 
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Figure 2-5 Bicoherence Spectrum, EB03, Channel 3 
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Section 3 

FLOOR VIBRATION ASSESSMENT 

The 10-minute-long data sets recorded at each location are divided into 4096-sample-long (4 sec) 

data segments (f = 0.244 Hz) with 50% overlap. The power spectra computed for each channel of data at each 
measurement location are used to determine the RMS acceleration in the 1/3-octave bands required to assess the 
vibration level and to compare it with the VC curves shown in Figure 1-1.  

The highest vibration is measured in the center of the building near EB03. The lowest vibration is 
measured at EB06. The vibration classification spectra for both locations are plotted in Figure 3-1. The spectra for 
all six measurement locations are also provided in Appendix A for reference. The vibration level varies a great deal 
on the floor. The quietest locations are at opposite corners of the building (EB01 and EB06) and the most vibration-
prone locations are at the center of the building (EB03 and EB04).  

 

Figure 3-1 Highest (Left) and Lowest (Right) Vibration Locations 

There is no measurable vibration below 10 Hz that could interfere with or preclude the use of 
low-frequency vibration isolation tables on the floor. Vibration isolation tables should function well on the 3rd 
floor. There is also no significant vibration amplification of structural floor modes. Heel drop tests performed at 
each location indicate that the floor system has a relatively high level of inherent damping. To the extent that 
vibration is a problem anywhere on the floor, the cause is direct structure-borne vibration transmitted by the 
various operating mechanical systems.  

 As a general rule, the vibration environment is worst along and near the structural girders (i.e., 
along numbered gridlines) and only slightly better, if at all, on the slab itself. The beams spanning directly between 
the columns (i.e., along lettered gridlines) provide the lowest vibration. A summary of the vibration classification 
for each of the measurement locations and structural members is provided in Table 3-1.  
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Table 3-1 Floor Vibration Classification by Location 

3rd Floor 
Location 

Numbered 
Gridlines 

Slab Lettered 
Gridlines 

EB01 C B D 

EB02 A A C 

EB03 A A B 

EB04 A B D 

EB05 B B C 

EB06 D C D 

 

The area on the 3rd floor around EB06 is effectively vibration free—virtually any vibration 
sensitive equipment may be used without reservation. The region around (and north and east of) EB01 is also very 
quiet. The most sensitive equipment may experience slightly degraded performance if placed near the middle of 
the slab at other locations on the floor; however, a vibration isolation table would eliminate this concern. Very 
sensitive equipment may not function optimally in regions near EB02, EB03, and EB04. Vibration isolation tables 
may be required in this area of the building if functional room layouts will not allow for the equipment to be 
located along lettered gridlines (the beams). 
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Section 4 

CONCLUSIONS AND RECOMMENDATIONS 

The 3rd floor of the building is a fairly quiet structure. Vibration generated by the rooftop exhaust 
fan and perhaps other rooftop mechanical units is measurable in the space; however, the vibration is not high 
enough to be perceived directly by occupants anywhere on the 3rd floor. The south (plan) end of the floor has the 
least vibration and the middle portion of the building exhibits the highest vibration. The present space is 
completely compatible with the qualitative recommendations provided by Agilent and Applied Spectral Imaging. 

The 3rd floor vibration is also assessed using quantitative criteria developed for generic sensitive 
equipment. Less sensitive instruments, such as moderate-power optical microscopes, can be used successfully at 
any location on the 3rd floor. Much of the 3rd floor should be able to accommodate the use of very sensitive 
equipment, with some exceptions. The most sensitive equipment should be located on lettered gridlines in the 
middle half of the floor unless a vibration isolation table is used. Vibration isolation tables should be very effective 
because there is essentially no vibration below about 10 Hz. 

The following recommendations are provided as an aid in space utilization to minimize vibration-
related performance degradation with sensitive equipment: 

 Equipment should be placed on sturdy workbenches unless a vibration isolation table is used. 

 When possible, place the most sensitive equipment along or very near lettered gridlines. 

 If very sensitive equipment cannot be located along lettered gridlines, use a vibration isolation 
table (resonance frequency less than about 2 Hz). 

Vibration-related problems may still exist if especially sensitive equipment is used without a vibration isolation 
table in the more vibration-prone areas of the floor. Vibration mitigation, in this instance, should focus on 
identifying and dealing directly with the mechanical system(s) responsible for the vibration rather than modifying 
the floor structure itself. Bispectral analysis of the vibration data strongly indicates that the three frequencies 
associated with the dominant vibration emanate from the exhaust fan. The presence of multiple highly correlated 
spectral components suggests the unit may not have been assembled properly or that critical internal connections 
have loosened over time. It is recommended that a thorough inspection of the exhaust fan system be performed 
when convenient to identify signs of loose fittings and connections.  
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Appendix A 

MEASURED POWER AND VIBRATION CLASSIFICATION SPECTRA 
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Figure A-1 Power Spectrum for EB01 

 

Figure A-2 Vibration Level for EB01 
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Figure A-3 Power Spectrum for EB02 

 

Figure A-4 Vibration Level for EB02 
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Figure A-5 Power Spectrum for EB03 

 

Figure A-6 Vibration Level for EB03 
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Figure A-7 Power Spectrum for EB04 

 

Figure A-8 Vibration Level for EB04 
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Figure A-9 Power Spectrum for EB05 

 

Figure A-10 Vibration Level for EB05 
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Figure A-11 Power Spectrum for EB06 

 

Figure A-12 Vibration Level for EB06 


