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MEDICAL CLINIC FLOOR VIBRATION SURVEY 
FOR AN MRI INSTALLATION  

EXECUTIVE SUMMARY 

A medical institute is renovating an existing building to serve as a medical facility and 
requested a vibration survey at the site to verify that it is acceptable for the planned 
installation of a General Electric Sigma Excite HD 1.5T Magnetic Resonance Imager (MRI). 
The site survey was performed on October 4 and 5, 2016 and recorded 9.5 hours of 
vibration data in three orthogonal directions. There was no other construction activity at 
the site during the data acquisition period. The largest sources of vibration are generated 
by the three roof top units and traffic flow on the adjacent streets. Large trucks are 
responsible for relatively high-amplitude transient events, but all of the measured 
vibration satisfies the vibration criteria for the MRI. It is possible that truck-generated 
vibration could cause MRI image artifacts, but these events should be rare, if they occur 
at all. No vibration mitigation activity is warranted at this time. 
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1. BACKGROUND 

A medical institute is renovating the existing building at 335 W. Spring Street to serve as a medical 
facility. A General Electric Sigma Excite HD 1.5T Magnetic Resonance Imager (MRI) will be located in the facility on a 
recently-poured 12-inch-thick, 4000-psi concrete slab-on-ground. The ambient vibration at the future MRI location 
caused by operating roof top units (RTUs) and traffic on the nearby street is measured to verify that the vibration 
levels are within the limits defined by the MRI manufacturer.  

An overview of the site is shown in Figure 1 along with the approximate location of the MRI in the 
space. The MRI is about 65 ft from the nearest lane of traffic on W. Spring Street. The building in the Google Maps 
picture to the east (right) of the site has been removed and is not present at the time the vibration survey is 
performed on October 4 and 5, 2016. The space was vacant during the survey and no other construction activity was 
present. 

 
Figure 1 Overview of Test Site with Exterior (Inset) 

2. DATA ACQUISITION SETUP AND OVERVIEW OF DATA 

Three accelerometers are used to measure the time history acceleration response of the slab 
where the MRI will be positioned. 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 2. A sampling frequency 
of 1000 Hz is used to digitize the analog acceleration data stream, which provides a much larger useful bandwidth 
(500 Hz) than required (50 Hz). The data are acquired in nine separate intervals beginning at 4:30 PM on October 4 
and concluding at 3:17 PM on October 5 as shown in Table 2. In essence, vibration data are collected on a typical 
weekday over a period that coincides with normal operation for the MRI and therefore provide a very representative 
sample of the vibration levels that can be expected when the MRI is in operation.  
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Table 1 Accelerometers and Channel Assignments 

Channel Direction Accelerometer S/N Sensitivity 

1 Up PCB 393B04 45803 0.998 V/g 

3 North PCB 393B04 32503 1.003 V/g 

4 East PCB 393B04 45802 0.994 V/g 

 

 
Figure 2 Data Acquisition Setup (Left) and Three-Axis Accelerometer Block (Right) 

Each 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 time series data are then 
processed to identify high-amplitude transient events (e.g., from a passing truck), operating mechanical equipment, 
and to assess the suitability of the site based on the MRI manufacturer’s criteria. 

The time-frequency spectrogram from Site_10 shown in Figure 3 provides a very informative 
overview of the vibration at the site. The 30-minute-long data record for the vertical acceleration channel is broken 
down into short 4-second-long data segments and converted into the frequency domain. The amplitude of the 
response at each frequency is colored according to its magnitude (black/blue = low, red/maroon = high). The “color 
bars” are stacked adjacent to one another along the vertical time axis in the order they were acquired so that the 
evolution of the frequency content can be seen from time = 0 min (when the data acquisition period began) to time 
= 30 min (when this data acquisition period ended).  

The time-frequency spectrogram shows that relatively low levels of vibration are present at most 
frequencies and times. There are “horizontal lines” representing elevated vibration caused by passing vehicular 
traffic and “vertical lines” of elevated vibration caused by operating RTUs. Vehicular traffic produces very short 
periods (0.5 sec to 1 sec) of high vibration at frequencies between 10 Hz and 20 Hz. Vehicular-induced vibration is 
highest in the east and north measurement directions (parallel to the slab). The amplitude of the disturbance 
depends upon the speed and weight of the vehicle. RTUs, on the other hand, produce constant levels of vibration, 
predominantly in the vertical direction, at specific frequencies, but only when they are operating. The RTUs were 
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operating when this data acquisition period began, but then were shut off about 9 minutes into the acquisition 
period and then restarted about 17 minutes later. The absence of “vertical lines” during the “off” period confirms 
that all of the observed vibration caused by mechanical systems emanates from the RTUs at the site. There are also 
several additional signatures created by dropping a hammer on the slab about 20 ft from the accelerometers. 

Table 2 Data Acquisition Periods and Durations 

Filename Start Duration Note 

Site_01 10/4 4:30PM 1 Hour  

Site_02 10/4 5:34PM 1 Hour  

Site_03 10/5 7:31AM 1 Hour All 3 RTUs On 

Site_04 10/5 8:35AM 1 Hour  

Site_05 10/5 9:36AM 1 Hour  

Site_06 10/5 10:38AM 1 Hour  

Site_07 10/5 11:40AM 1 Hour  

Site_08 10/5 12:41PM 1 Hour  

Site_09 10/5 1:43PM 1 Hour  

Site_10 10/5 2:47PM 30 Min Test RTUs & Hammer 

 

 
Figure 3 Time-Frequency Spectrogram—Typical Overview of the Acceleration Data 

RTUs Turn On

RTUs Turn Off

Hammer Hit on Slab

Typical Truck Signatures
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3. VIBRATION ASSESSMENT 

General Electric (GE) provides site vibration criteria in the Pre-Installation Manual for each specific 
MRI model in the form of the permissible level of vibration versus frequency. The Sigma Excite HD 1.5T MRI vibration 
criteria are shown in Figure 4. GE requires a frequency resolution of 0.125 Hz (0.122 Hz is provided) and that a 
Hanning data window be applied to each data segment (used to limit leakage artifacts when converting from the 
time domain to the frequency domain). A data window artificially reduces the vibration level at the beginning and 
end of the data segments, so omitting the data window provides a more conservative assessment than strictly 
required per the GE specification. 

  
Figure 4 Vibration Specifications for the Sigma Excite HD 1.5T MRI 

GE also requires that transient events, such as those caused by the passage of a vehicle, that 

exceed 500 g be identified and analyzed separately. Although GE does not provide specific guidance for the analysis 
of transients in their specifications, previous phone conversations with GE indicate that each transient should be 
analyzed in the frequency domain and compared to the curve in Figure 4 for that single event (i.e., do not average 
data segments). Two of the more significant transients observed during this survey period are plotted in Figure 5. 

The vibration data are processed in several ways. First, the data segments are averaged (after 
conversion to the frequency domain). GE requires a minimum of a 20-segment average; however, the long 
observation period used here permits an average of about 3600 data segments for each of the three orthogonal 
measurement directions. Worst-case envelopes of the environment are also created, which is an effective means of 
performing the single transient event assessment. This approach is equivalent to a “peak hold” setting on a spectrum 
analyzer in which the maximum amplitude at each frequency bin (0.122-Hz increments) for each of the 3600 
segments is retained. If the envelope curve were to exceed the vibration limit as a result of a large transient, those 
transient time histories (similar to those in Figure 5) would be provided to GE for additional assessment. The 



  

7 

 

averaged and enveloped vibration spectra for each of the three directions (east, north, up) are plotted in Figure 6 
based on the Sigma Excite HD criteria. 

 
Figure 5 Typical Large-Amplitude Transients (From Passing Trucks) 

 
Figure 6 Assessment Based On Sigma Excite HD Vibration Specification (No Data Window) 

The three curves near the bottom of the plot correspond to the averaged response. The handful 
of sharp peaks are caused by the RTUs and can be ignored in the averaged curves. The average amplitude of the 
three response directions are well below the permissible vibration level defined by GE and easily satisfy the vibration 
requirements. The three worst-case envelope curves in the figure are used to assess traffic-induced transients and 
RTU operation. None of the three curves exceeds the Sigma specification. The point of closest approach occurs at 13 
Hz and is caused by a particularly large-amplitude transient in the Site_09 data file. This transient and a time-

frequency spectrogram are plotted in Figure 7. The transient magnitude is about 2200 g and corresponds to the 
dark red “blob” at 2.8 min and 13 Hz in the spectrogram and is the largest transient event observed during the 9.5-
hour observation period. The transient lasted for only about 0.25 seconds. 

Tier1_10 Tier1_07

Sigma Excite HD Spec

Averaged Response

Worst-Case Envelopes

Tier1_09 Transient at 13 Hz
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Figure 7 Worst-Case Transient Time Series (Foreground) and Spectrogram (Background) 

4. CONCLUSIONS 

The measured vibration levels at 335 W. Spring Street satisfy the published vibration specification 
for the GE Sigma Excite HD 1.5T MRI. Three RTUs produce vibration while operating that is most observable in the 
vertical direction but is well below the vibration limit. Vehicle-induced transients, particularly from the larger trucks, 
cause the highest vibration parallel to the slab, but all observed events are within the prescribed limits. Given the 
variability of truck-generated vibration, it is possible that some future event could introduce a vibration-generated 
artifact in an MRI scan, these occurrences should be very rare if they happen at all. No further action or vibration 
mitigation is recommended based on the data collected during the site survey. 


