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ABSTRACT 

The University of Texas Southwestern Medical Center is installing two 
Magnetic Resonance Imagers (MRIs) at its north campus location. Structural 
Engenuity, Inc. is engaged to complete the structural integration of the MRIs 
and offered to perform a site vibration survey to confirm suitability of the site 
for the two MRIs. The UTSWMC site presents a dynamically complex 
environment because a four-lane roadway is only 24 ft from the edge of the 
building. Vibration data acquired over a 2-hour period near peak traffic time 
reveals the presence of numerous, often high-amplitude, vehicle-induced 
transients. The worst-case vibration only reaches 30% of the level allowed by 
Philips. Separate transient analyses required by the GE specification indicate 
these events reach 60% of the specification limit. The planned addition of 4.5 ft 
of flowable fill and a 9-in-thick slab should proceed as planned and is not 
expected to affect the vibration environment to any significant degree. An 
isolation slab concept is discussed as a non-essential insurance policy against 
future increases in ground-borne vibration.  

KEYWORDS: Magnetic Resonance Imager  
 Isolation Slab  
 Vehicle-Induced Vibration 
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EXECUTIVE SUMMARY 

The Advanced Imaging Research Center at the University of Texas Southwestern Medical Center 
(UTSWMC) in Dallas, Texas is acquiring and installing two new magnetic resonance imagers (MRIs). One of the 
MRIs is a Philips Ingenia 3.0T Omega HP and the other is a GE Discovery MR750w. Structural Engenuity, Inc. (SEI) is 
engaged to perform structural engineering associated with the integration of the imagers in the two existing 
vacant bays at the UTSWMC campus. The exterior wall of the two MRI bays is 24 ft from a 4-lane roadway, which 
raises some concerns that vehicle-generated ground-borne vibration could adversely affect the performance of 
one or both MRIs. SEI offered to perform a vibration survey and site evaluation to determine if some form of 
vibration mitigation should be incorporated into the structural plans.  

A site vibration survey was conducted at UTSWMC on October 11, 2012, between 2:40 PM and 
4:45 PM, using four high-sensitivity accelerometers and a portable high-resolution data acquisition system. A 
1-hour-long data set was acquired in room NE 2.704 and a 50-minute-long data set was acquired in NE 2.706. The 
data acquired at the site show no significant contribution from building-operated mechanical systems (e.g., pumps, 
motors, etc.); however, there are numerous externally-generated transient events. The transients, most likely the 
result of passing vehicles, occur at random times and with random amplitudes and are most pronounced in the 8- 
to 20-Hz range. The axle hop vibration mode of typical vehicles falls in this frequency range and is also known to 
produce ground-borne vibration.  

Both MRI manufacturers express the vibration limits of their respective imagers in terms of the 
root-mean-square (RMS) acceleration determined over a 2-minute-long evaluation period. The presence of 
significant transient events poses some challenges when evaluating a vibration environment with a steady-state 
metric such as RMS acceleration. Philips does not have special processing requirements where transient events are 
concerned; however, GE recommends that shorter time segments of 8 seconds, centered on the largest transients, 
be analyzed to obtain corresponding narrowband RMS spectra. 

The worst-case 2-minute period of vibration in the nearly 2-hour-long data set yields an RMS 
acceleration level of only 30% of the Philips vibration limit; hence, there is little risk in proceeding with the 
installation of the Philips MRI. There are also no concerns for the GE MRI for the no-traffic, steady-state vibration 
levels recorded at the site. The vehicle-induced transients reach 60% of the vibration level allowed by the GE 
specification, with the larger transients occurring about once every five to ten minutes. Nevertheless, the current 
vibration environment satisfies the GE specification as well. SEI recommends proceeding with the slab-on-fill 
construction as planned. The 4.5-ft-deep fill and 9-in-thick slab will have no appreciable effect on the final 
vibration environment. There is a small chance that increased traffic flow or an uneven road surface could 
adversely affect MRI imagery in the future. A vibration isolation slab concept is presented should UTSWMC wish to 
consider this insurance policy now, when its implementation costs are at a minimum. The isolation slab is not 
required for the current traffic conditions.  
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Section 1 

BACKGROUND 

The University of Texas Southwestern Medical Center (UTSWMC), Advanced Imaging Research 
Center, is installing two new Magnetic Resonance Imagers (MRIs) in two currently-vacant bays at their North 
campus in Dallas, Texas. The MRI bays are presently in a structurally-bare configuration consisting of an 18-in-thick 
reinforced concrete slab on 2-ft-diameter piers spaced at 11 ft on center each way. Structural Engenuity, Inc. (SEI) 
is engaged to finalize the MRI bay structure and offered to assess the vibration environment. The bays will be filled 
with 4.5 ft of unreinforced flowable fill and topped off with a 9-in-thick reinforced concrete slab that will serve as 
the floor for the MRIs. The MRI bays are in Rooms NE 2.704 and 2.706, are about 30 ft by 30 ft in size, and are 
relatively close to Forest Park Rd as shown in Figure 1-1.  

 

Figure 1-1 Aerial View (from Google Earth) of the UTSWMC MRI Bays 

The two MRIs are a GE model, the Discovery MR750w, and a Philips model, the Ingenia 3.0T 
Omega HP. The vibration criteria for the Philips MRI is shown in Figure 1-2. The Philips specification relies on the 
root-mean-square (RMS) acceleration computed over 1/3-octave frequency bands. The vibration criteria (VC) for 
“Generic Sensitive Equipment” are also defined for 1/3-octave bands, so the VC curves are plotted in Figure 1-2 for 
comparison. The VC-C or VC-D curves are normally associated with floor systems designed for MRI use. The Philips 
specification requires that the data be evaluated with a frequency resolution of at least 0.2 Hz using 20 averages 
over a 2-minute-long evaluation time period. A long-duration observation period (about 2 hours) is divided into 
successive or overlapping 2-minute-long periods for evaluation. Any transients that occur during a 2-minute period 
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are simply averaged in with the steady-state vibration that is present during that period. As long as the net RMS 
acceleration falls below the line shown in the figure, the vibration is considered to be acceptable for MRI 
operation. Philips does not specify which data window should be used to minimize the effects of leakage, but this 
is a minor issue—the data window can affect spectral peak magnitudes, but has much less effect on RMS 
acceleration computed over relatively large bandwidths. 

 

Figure 1-2 Philips Ingenia 3.0T and Generic Sensitive Equipment Vibration Criteria 

The vibration criteria for the GE Discovery MR750w are provided in the Pre-Installation Manual 
(PIM) for the MRI

1
. GE also assesses vibration in terms of the RMS acceleration; however, GE employs a very 

narrow bandwidth of 0.125 Hz to compute the RMS acceleration instead of the 1/3-octave bands. GE defines a 
series of frequency ranges and the associated allowable RMS acceleration as shown in Figure 1-3. Though not 
stated explicitly, the RMS level is computed over the defined frequency resolution bandwidth of 0.125 Hz. For 
steady-state vibration analysis, GE requires a minimum of 20 averages along with the Hanning data window. GE 
does not explicitly define the evaluation time; however, if 20 contiguous, non-overlapping data segments are used, 
the minimum evaluation time is 2 minutes. A separate analysis is required for transient events.  

The GE PIM indicates that vibration data should be collected in a “quiet” environment to define 
the ambient baseline vibration environment. GE also requires data be collected to define the “normal” vibration 
levels. In fact, the vertical axis of vibration specification (shown here as Figure 1-3) is actually labeled as “Above 
Ambient Baseline,” which suggests that the ambient vibration level should be subtracted from the “normal” 
vibration level before comparing the result with the limit curve. MRI image quality will only be affected when 
displacement between critical components (i.e., the magnet and the imaging target) occurs. The vibration-induced 
(i.e., acceleration-induced) forces that cause the displacement obey Newton’s Second Law, which is only valid for 
absolute acceleration, not relative acceleration. MRI image quality is therefore dependent upon the total 
acceleration environment the MRI experiences. The acceleration axis in Figure 1-3 is interpreted as the total 
acceleration and no effort is made to define the “ambient” vibration discussed in the PIM. 

                                                                 
1
  Discovery MR750w Pre-Installation Manual, Direction 5670003, Revision 4.0 
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Figure 1-3 GE Discovery MR750w Vibration Specification 

Transient events are discussed at some length in the PIM. GE defines a 500-g trigger level to 
determine when a transient analysis is required. Any transient having a maximum zero-to-peak acceleration below 
the trigger level can be ignored according to the PIM; however, any transient whose peak g-level exceeds the 
trigger level must be analyzed. Transients are assessed using the same RMS criteria defined in Figure 1-3; however, 
a single 8-sec-long data window is centered on each transient, transformed into the frequency domain, and 
assessed using the limits shown in Figure 1-3. There is no averaging in this case. 

.  
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Section 2 

DATA ACQUISITION 

The vibration survey was conducted on October 11, 2012. Data were acquired from 2:40 PM to 
3:40 PM in NE 2.704 and from 3:55 PM to 4:45 PM in NE 2.706. Very little foot traffic was present in the adjoining 
hallway during the measurement period. No internal transient noise sources (e.g., a door slam or a dropped box) 
occurred while taking data. Vehicular traffic on Forest Park Rd. was light initially, but increased during the 
measurement period. 

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. All three accelerometer models and the 24-bit DAQ 

are capable of measuring accelerations less than 1 g, but Channel 1 has the lowest noise floor. 

Table 2-1 Accelerometers and Channel Assignments 

Channel Direction Accelerometer S/N Sensitivity 

1 Z PCB 393B31 34729 9.88 V/g 

2 Z PCB 333B52 46983 1.040 V/g 

3 X PCB 393B04 32502 1.003 V/g 

4 Y PCB 393B04 32503 1.009 V/g 

 

The accelerometers are mounted on three sides of a heavy steel bar to facilitate simultaneous 
measurements in three orthogonal directions as shown in Figure 2-1. The bar is placed at the center of each room, 
equidistant from the supporting piers below. The measurement axes are aligned with the room’s walls and in the 
vertical direction. The most sensitive accelerometer, Channel 1, is oriented to measure vibration in the up-down 
direction (Z-axis). 

Data were acquired with a sampling frequency of 1000 Hz for a 1-hour continuous period in 
Room NE 2.704. A 500-Hz sampling rate was used for the 50-minute acquisition period in NE 2.706. The lower 
sampling rate was used simply to reduce the amount of data collected. Recall that the vibration specifications 
require an upper-bound frequency of 80 Hz, so a minimum sampling rate of only about 200 Hz is required.  
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Figure 2-1 Data Acquisition Setup and Accelerometer Orientation 

2.2 DATA OVERVIEW 

The vibration environment in the two rooms is evaluated relative to the MRI manufacturer-
provided criteria in Section 3. A brief overview of the data is provided in this section to identify the various 
contributors. The time-frequency domain is used to identify transient events and periods when the data have a 
consistent character (i.e., stationary). The power spectrum is best-suited to characterize the vibration amplitude in 
power spectral density (PSD), measured in g

2
/Hz, across the frequency domain during the stationary periods. The 

power spectrum is the jumping-off point for computing the RMS acceleration needed to assess the MRI 
specifications in Section 3. Finally, where transients are identified in the time-frequency spectrogram, they are 
subjected to a more detailed time-domain study to identify their source.  

2.2.1 TIME-FREQUENCY ANALYSIS 

Two representative time-frequency spectrograms from Channel 1 are shown in Figure 2-2
2
. The 

plot on the left-hand side of the figure represents the first 15-minutes of the data acquisition period in NE 2.704. 
The plot on the right-hand side of the figure corresponds to the last 15 minutes of data acquired in NE 2.706. 
Harmonic contributors show up as vertical lines in the time-frequency domain and transient events appear as 
horizontal features. The data acquisition system operated off of alternating current (AC) from an office across the 
hall from NE 2.706 while collecting data in NE 2.704. The AC source was shifted to a hallway outlet that was initially 
inactive before collecting data in NE 2.706. The line noise, above about 60 Hz, associated with these two different 
outlets is clearly visible in the data. The very narrow-band (i.e., thin vertical lines) signatures above 60 Hz do not 
correspond to physical vibration—they are electrical noise that should be ignored when evaluating the vibration 
environment. The 60-cycle noise is much less prominent from the office outlet used for NE 2.704 than it is for the 
hallway outlet used for NE 2.706. Much lower amplitude harmonic sources are visible at 30 Hz and 40 Hz in 

                                                                 
2
  All data post-processing and graphics generation were performed with SciLab 5.4.0, www.scilab.org/ 
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NE 2.704 and at 46 Hz in both rooms. These may correspond to electrical noise or mechanical systems operating 
onsite at 1800, 2400, and 2700 revolutions per minute (RPM), respectively, but their contribution is negligible.  

 

Figure 2-2 Comparison of Time-Frequency Spectrograms 

The transients visible in both spectrograms were not generated inside the building; the most 
likely source is vehicular traffic on Forest Park Rd. The transients are strongest between about 8 and 25 Hz and 
there is an apparent increase in the intensity and recurrence rate closer to 5:00 PM when end-of-the-day traffic 
increases. The dominant energy in the transients is concentrated in the 10- to 20-Hz range, which corresponds to 
the axle hop mode of typical vehicle suspension/tire systems, known to be responsible for generating ground-
borne vibration. 

2.2.2 POWER SPECTRA 

Power spectra show how vibration energy is distributed across the frequency domain, which 
provides insight into the source(s) of the vibration and helps to identify where effort to mitigate the vibration, if 
required, should be focused for maximum effect. The power spectrum is also the fundamental information 
required to compute the RMS vibration in pre-defined frequency bands per 

  
2

1

f

f
RMS dffSg  

where S(f) is the power spectrum in g
2
/Hz and the RMS level, in gRMS, is computed between the lower and upper 

frequency limits, f1 and f2, respectively. In the case of 1/3-octave bands centered on frequency f0, f1 = 2
-1/6

f0 and 
f2 = 2

1/6
f0. In the case of the GE specification, f1 and f2 correspond to the boundaries of each frequency bin, where 

f2-f1 = f.  

Power spectra computed from a 2-minute period of data at a time when external traffic is a 
minimum is shown in Figure 2-3. The difference between the accelerometer noise floors is most clearly evident in 
this figure. The accelerometer assigned to Channel 1 is ten times more sensitive than the accelerometers assigned 



 

 2-4 

0 2 4 6 8 10 12
-6

-4

-2

0

2

4

6
x 10

-3

to the other three channels, which translates into a 100-g
2
/Hz difference in the PSD noise floor. The electrical noise 

from the hallway outlet is clearly visible as the very narrow-band peaks at and above 60 Hz. These peaks are not 
associated with vibration but will contribute to the RMS level when the noise peaks fall within a given f1 to f2 band. 
In this case, the RMS level is simply ignored. Very low-amplitude narrow-band peaks are visible between 12 Hz and 
45 Hz in the Channel 1 data. These may be caused by on-site mechanical systems, but their amplitude is so low, 
that they have negligible effect when assessing the site for MRI suitability. 

 

Figure 2-3 Power Spectra for Minimum-Noise Period 

The instrumentation noise floor for Channels 2, 3, and 4 is about 4×10
-5

 g
2
/Hz. The minimum 

RMS acceleration allowed by Philips is 55.86 gRMS at f0 = 8 Hz. The lowest RMS acceleration that can be measured 

at this center frequency is a little less than 0.009 gRMS, so there is no difficulty assessing the vibration 
environment for the Philips MRI with these accelerometers. The most demanding portion of the GE specification is 

the 1- to 7-Hz band where the limit is 65 gRMS. Channels 2, 3, and 4 are capable of measuring a minimum of 

0.002 gRMS; hence, assessing the vibration limits for the GE MRI is also well within the capability of the 
instrumentation. This order-of-magnitude assessment is merely intended to illustrate that the data acquisition 
system meets the minimum requirements for assessing the site for MRI operation. 

The power spectrum for the maximum-traffic period is shown in Figure 2-4. The contribution of 
the vehicle transients is visible as the significant increase in vibration between about 8 Hz and 20 Hz. The vehicle 
transients cause increased vibration near the critical low frequency band where the MRIs are most sensitive to 
vibration according to their respective specifications (Figure 1-2 and Figure 1-3). The floor response is about the 
same in the vertical direction as it is in the X-direction. The Y-direction response is somewhat lower. The critical 
point here is that the highest-sensitivity accelerometer is oriented in a direction of maximum vibration and can be 
used to assess the site for MRI suitability. 
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Figure 2-4 Power Spectra for Maximum-Noise Period 

2.2.3 TRANSIENT EVENTS 

Numerous transient events are visible in the data. The magnitude and frequency of occurrence of 
the transients vary, but the highest-magnitude events—the result of several vehicles passing the site 
simultaneously—occur about every five to ten minutes depending upon the time of day. One of the highest-

magnitude transients is shown in Figure 2-5. The zero-to-peak magnitude is about 1200 g, which exceeds the 

500-g trigger level referred to in GE’s specification. Numerous other transients also exceed this level. The 
dominant frequency of these high-magnitude transients is about 15 Hz, which falls in the frequency range 
corresponding to the axle hop mode of typical vehicles. The decay rate is a combination of seismic wave spreading 
loss as the vehicle(s) moves away from the measurement location and structural damping of the reinforced 
concrete floor system. 

A single transient will not last longer than a few seconds; however, several transients can occur 
in rapid succession, which causes more prolonged vibration that can exceed the RMS level allowed by the MRI 
specifications. Philips defines a 2-minute evaluation period. This is the length of data used to evaluate the vibration 
environment relative to the specification. One of the worst-case 2-minute time histories for vibration as 
determined in Section 3.1 is shown in Figure 2-6. The GE trigger limit is exceeded around 28 sec and again near 
84 sec into the 2-minute-long record, yet there are many other lower-amplitude transient events in the data. It is 
the cumulative effect of the many smaller-amplitude and the prolonged higher-amplitude transients that 
maximizes the RMS vibration for this 2-minute period. The most significant transient events recorded during the 
data acquisition period are provided in Appendix A for reference. 

A zoomed-in portion of the 28-second section of the time history is provided in Figure 2-7. The 
transient grows and recedes over a period of about 3 seconds and is most likely caused by vehicles traveling in 
both directions and passing the MRI site at nearly the same time. The dominant frequency is about 15 to 18 Hz. 
The UTSWMC site presents a complex vibration environment with its proximity to Forest Park Rd. Furthermore, it 
is unreasonable to assume that the 2-hour data acquisition effort identified the worst 2-minute period of vibration 
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that can or will occur during the lifetime of the MRIs. Continued growth along Forest Park Rd. will only lead to 
increased traffic. 

 

Figure 2-5 Vehicle-Induced Transient 

 

Figure 2-6 Worst-Case Transient Sequence 
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Figure 2-7 Worst-Case Transient Sequence—Peak Amplitude Period 
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Section 3 

MRI VIBRATION ASSESSMENT 

The construction of the two adjacent bays (NE 2.704 and NE 2.706) is virtually identical and both 
bays are equidistant from Forest Park Rd. As such, the vibration environment in the two rooms is essentially 
identical. The only difference is that the vibration in NE 2.706 was measured closer to 5:00 PM and shows the 
effect of a higher volume of traffic. Given these similarities, the vibration assessment for the GE and Philips MRIs is 
based on the worst-case environment measured in either room regardless of where the MRIs will actually be 
located. 

3.1 VIBRATION ASSESSMENT 

The total 1 hour and 50 minutes of data acquired at the site are processed in 2-minute-long 

evaluation periods using 20 averages of 4096-sample-long data segments
3
 (f = 0.122 Hz) as required by Philips 

and GE. The data segments overlap by 28% so the 20 segments fit within the 2-minute evaluation period. The 
analysis is performed for each 2-minute section of data and then repeated by shifting the 2-minute “window” in 
10-second increments until the total 110-minute data record is analyzed. This process ensures that the worst- and 
best-case 2-minute sections of data are identified.  

Vehicle-induced transients are a frequent and significant contributor to the vibration measured 
at the site. RMS acceleration criteria are most accurately applied when the vibration is steady-state with very little 
variation over time (i.e., stationary). Transient events of the type illustrated in Figure 2-6 are decidedly non-
stationary in character. Each transient event is unique in its amplitude and duration because it results from the 
random combination of vehicles passing the site at random closely-spaced times. In an ideal situation, each section 
of data containing a transient would be extracted and used as the base motion in a transient structural dynamics 
analysis of the MRI structure to determine the effect of that specific transient on the image quality. This is too 
cumbersome to be practical and, as a result, there is some degree of ambiguity regarding the treatment of 
transient events in RMS processing.  

Philips adopts the approach that the data be treated as if they are stationary and if transient 
events occur in sufficient amplitude and number within the 2-minute evaluation period to exceed their steady-
state limit, then the site is deemed unacceptable pending some form of mitigation. This is a very reasonable 
approach given the alternatives. GE recommends using an short-time data window that more closely matches the 
duration of the transient. The window is centered over each significant transient, which is then analyzed in the 
frequency domain. An 8-second-long window provides a frequency resolution of 0.122 Hz. In most cases, the 
transients are much shorter in duration than 8 sec.  

The RMS vibration environment computed over 1/3-octave frequency bands, per the Philips 
specification, is plotted in Figure 3-1 for 20 representative 2-minute periods. Two additional curves are also plotted 

                                                                 
3
  A 8192-sample data segment is used for data collected in NE 2.704  (fs = 1000 Hz). The Hanning window is applied to each 

data segment. 
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representing the worst-case and best-case vibration levels. The variation is caused by variability in the vehicular 
traffic. The RMS vibration level is computed using center frequencies starting at 4 Hz and increasing in 0.122-Hz 
increments. The rapid rise in the RMS level at about 52 Hz occurs when the electrical noise spike near 60 Hz (most 
prominent for data collected in NE 2.706 when the hallway wall outlet was used) enters a 1/3-octave frequency 
band—the increased RMS level has no significance and should be ignored.  

 

Figure 3-1 Philips Ingenia 3.0T Evaluation: Low- and High-Traffic Vibration 

Even under the worst-case traffic conditions encountered during the site survey, the vibration 
environment is well below the limit defined for the Philips Ingenia 3.0T MRI. The point of closest approach is at 
about 10 Hz, where the measured vibration is 28% of the RMS acceleration level allowed by Philips. Under low-
traffic conditions, the vibration drops to 10% of the allowed RMS level. 

The RMS vibration environment (narrowband FFT) computed for the GE Discovery MR750w is 
plotted in Figure 3-2 for the lowest and highest periods of vehicular traffic. An additional 20 representative FFTs 
are also plotted to show the consistency of the data. In this case, the “Low Traffic” curve is most representative of 
the steady state vibration at the site. There is no 2-minute time period that is truly traffic free, so the “Low Traffic” 
curve is as close to steady-state as is possible for the time of day the data were acquired. The steady-state portion 

of the vibration results in only 2.8 gRMS, which is less than 5% of the level allowed by the GE specification. The key 
point is that the vibration environment is well below the GE limit even when the worst-case transient events are 
included. Clearly, a pure steady-state data record would also fall well below the GE limit curve. 

The rise and fall of the vibration level over time is plotted in Figure 3-3 for the entire site survey 
period using the Channel 1 data. The gap in the data after the first 60 minutes corresponds to the period when the 
data acquisition system was moved from NE 2.704 to NE 2.706. The RMS vibration level plotted on the vertical axis 
is normalized by the vibration criteria for the respective MRIs. The maximum value for the ratio obtained over the 
entire frequency range is plotted in the figure. The vibration environment is acceptable if both lines representing 
the two MRIs do not cross the 100% line. The high-traffic RMS curve plotted in Figure 3-1 corresponds to the peak 
in Figure 3-3 at 111 minutes. The low-traffic RMS curve occurred at the 85-minute mark. In the case of the GE MRI, 



 

 3-3 

 

0 2 4 6 8 10 12
-6

-4

-2

0

2

4

6
x 10

-3

the spikes in Figure 3-3 are ignored for the purposes of this plot, but serve to identify where separate transient 
analyses are required. 

 

Figure 3-2 GE Discovery MR750w Steady-State Evaluation 

 

Figure 3-3 RMS Vibration Levels Relative to the Respective MRI Criteria VS Time 

The worst-case transient according to the short-time, narrowband RMS analysis occurred at the 
76-minute mark. The transient and corresponding RMS spectrum are provided in Figure 3-4. The actual transient 
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event is about 2 seconds long, so this time series contains 6 seconds of relatively low-amplitude vibration. The 

maximum RMS level is 43 gRMS at 13 Hz, which is about 60% of the GE limit at that frequency. RMS spectra for the 
20 worst-case transients recorded during the 2-hour period are plotted in Figure 3-5 for comparison. The RMS 

spectrum that peaks at 43 gRMS in Figure 3-5 is the worst-case spectrum plotted in Figure 3-4. 

 

Figure 3-4 Transient Analysis, 8-Second Window (f = 0.122 Hz) at T = 76 Minutes 

 

Figure 3-5 Superposition of Narrowband FFTs for the 20 Worst-Case Vehicle-Induced Transients 

3.2 VIBRATION MITIGATION OPTIONS 

The data measured during the site survey indicate that the vibration level currently reaches 
about 60% of that allowed by the GE Discovery MR750w specification. Traffic flow along Forest Park Rd and 
roadway surface conditions may worsen over time, which will adversely affect the vibration environment in the 
MRI bays. The GE MRI is more sensitive to vehicle-induced transient vibration than the Philips MRI based on their 
respective specifications. There may be periods, in the future, during the GE MRI’s operation when the vibration 
exceeds the specification limits, possibly causing image artifacts. The planned addition of the 4.5 ft of flowable fill 
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and the 9-in-thick reinforced concrete slab will not appreciably alter the vibration environment, so several 
vibration mitigation options are presented for consideration. 

3.2.1 ISOLATION SLAB 

An isolation slab is the most effective option with the least technical risk. The isolation slab 
consists of a reinforced concrete slab connected through springs and dampers to the fixed slab/fill below as 
illustrated in Figure 3-6. The spring stiffness, k, is determined based on the combined mass, m, of the slab and MRI. 
The vehicle-induced transients have a characteristic frequency of about 15 Hz. An isolator should have a resonance 
frequency of about one half this value to provide attenuation at the excitation frequency and beyond. The down-
side to an isolator, is that it will magnify vibration near its own resonance frequency. In this case, there is no 
significant vehicle-induced vibration below about 8 Hz so an isolation frequency close to 5 Hz is reasonable for this 
application. Damping is incorporated in vibration isolation systems to mitigate the vibration amplification near its 
resonance frequency. Higher damping also translates into reduced attenuation effectiveness so there is a trade-off 
to be considered in the design of the isolation system.   

 

Figure 3-6 GE MRI Mounted on Isolation Slab 

A numerical simulation of a 1-degree-of-freedom (1-DOF) isolation system is used to illustrate 
the performance benefit that might be achieved with an isolation slab. A 15 ft by 15 ft, 6-in-thick slab and 
20,000-lbm MRI are assumed and the springs are sized to provide a vertical mode resonance frequency of 5 Hz. All-
steel construction of the springs will provide a damping level of 1% to 3% of the critical level, cCR

4
. The simulation is 

performed assuming 3% of the critical damping. The fixed slab/fill is assumed to have the same acceleration as the 
worst-case acceleration time history shown in Figure 3-4. The acceleration time history of the isolation slab (and 
MRI) is obtained by solving the 1-DOF equation of motion and is plotted along with the measured base 
acceleration in the left-hand side of Figure 3-7. There is a significant reduction in the MRI vibration amplitude as 
compared to the fixed slab. The corresponding RMS acceleration is plotted in the right-hand side of Figure 3-7 for 
4- and 8-second windows (the 8-sec data window is recommended by GE). Without the vibration isolation slab, 
this vibration time history has an RMS level of 60% of the GE limit for the 8-second window; however, with the 
isolation slab, the RMS level drops to 20% of the limit, which is similar to the RMS level of the non-isolated Philips 
MRI. 

The isolation system analysis presented here illustrates the level of vibration attenuation that 
can be expected. There are a number of design issues that must be addressed before such a system can be 
formally implemented. First, the motion of the slab is assumed to occur in only the up-down direction. In fact, 
there will be “pitch” and “roll” rocking modes as well. Recall that the vibration in the plane of the floor is 
essentially identical to the vertical direction and the eccentricity of the center of mass of the isolation slab/MRI 
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relative to the elastic center of the isolation system will excite one or both of the rocking modes. Hence, the 1-DOF 
model used here must be expanded to at least a 3-DOF model for the final analysis. 

 

Figure 3-7 Comparison of Fixed and Isolated Response (Left) and RMS Acceleration (Right) Response 

A second area that must be investigated are the dynamic forces generated by the MRI itself. As 
an MRI performs a scan, it produces dynamic forces that may be concentrated near one or more frequencies that 
could coincide with a primary resonance frequency of the isolation system. The present analysis assumes the MRI 
is a static mass. A complete analysis requires that these forces be estimated or provided by GE and incorporated 
into the analysis.  

Finally, the isolation frequency will be close to the 5 Hz assumed here and the pitch and roll 
modes will likely have even lower resonance frequencies. These frequencies fall within the range where people are 
most sensitive. If the dynamic forces produced by the MRI incite sufficiently large motions of the isolation slab, a 
patient undergoing an MRI scan could feel discomfort from that motion. The successful implementation of an 
isolation slab hinges on GE’s cooperation in providing an accurate characterization of their MRI’s self-induced 
forces versus frequency in each of three orthogonal axes. Excessive motion of the isolation slab can be mitigated 
by increasing its mass (i.e., thickness). The ideal time to implement this mitigation concept is prior to completing 
the installation of the planned flowable fill and fixed slab. 

3.2.2 SEISMIC WAVE BARRIER 

The seismic wave barrier attempts to intercept and reflect a significant portion of the vehicle-
generated seismic waves so that they cannot impinge on and couple with the structure. A seismic wave barrier 
concept is illustrated in Figure 3-8. The barrier is placed between the street and the UTSWMC building and consists 
of two parallel walls separated by an arbitrary-width air gap or a specially-designed gap filled with a material 
whose acoustic properties minimize wave transmission while maximizing wave reflection. The depth and extent of 
the barrier parallel to the building must be determined based on local soil properties, depth of the bearing 
stratum, and predicted spreading loss of the seismic waves. 

This mitigation option has the apparent advantage of allowing the planned fit-up to proceed 
inside the MRI bays. If and when MRI image quality degrades as a result of traffic on Forest Park Rd., the wave 
barrier can be constructed without affecting the building. Whereas the vibration mitigation achieved with the 
isolation slab can be predicted with relatively high confidence, the vibration mitigation offered by the wave barrier 
is much less certain and subject to construction details and limitations that will only become clear if this option is 
pursued. Even as these unknowns are resolved, the computational uncertainty associated with predicting vehicle-
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generated waves, interaction with the barrier, and coupling of the remaining transmitted wave energy with the 
structure is subject to much greater uncertainty than is the analysis required for the isolation slab. 

 

Figure 3-8 Seismic Wave Barrier Concept 

3.2.3 TRAFFIC CALMING 

Traffic calming usually refers to the implementation of speed bumps. In this context, that would 
exacerbate the vibration problem rather than mitigate it. Here, traffic calming refers to reducing vehicle speed 
near the MRI bays, but without the significant transient created when a vehicle passes over a speed bump (even at 
a slower speed). The amplitude of the observed transients is directly tied to the vehicle’s speed; hence, the 
amplitude of the transients and the associated RMS acceleration level can be reduced by reducing the speed of 
passing vehicles.  

UTSWMC management may be able to approach the City and request a lower speed limit; e.g., a 
20-mph zone, along Forest Park Rd. in front of the MRI bays. There are several practical problems with this 
mitigation strategy. First, some degree of cooperation from the City is required. While the City may be willing to 
implement a low-speed zone, they may be less willing to enforce the limit by providing a police presence on a 
routine basis. The second issue is that the presence of a lower speed limit does not guarantee that the drivers will 
observe it—especially if there is no clear evidence that the City is enforcing it. So while this mitigation path 
requires the least time and cost to implement, it also provides the least confidence in the mitigation it provides. 
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Section 4 

CONCLUSIONS AND RECOMMENDATIONS 

A 2-hour-long site vibration survey was performed at UTSWMC in rooms NE 2.704 and NE 2.706 
where two MRIs are scheduled to be installed for the Advanced Imaging Research Center. Vehicular traffic on 
Forest Park Rd. is responsible for frequent, relatively large amplitude transient floor accelerations in the two 
rooms. For all intents and purposes, the two rooms are virtually identical as far as the measured vibration 
environment is concerned—neither room is more or less susceptible to vibration than the other.  

The vibration specifications for the GE MR750w and the Philips Ingenia 3.0T are evaluated using 
the data acquired at the site. Both manufacturers characterize vibration in terms of the RMS acceleration 
computed over defined frequency bands. Philips recommends that data containing significant transient events be 
treated as if the data are steady state and evaluated using their steady-state limits. GE defines a zero-to-peak 
trigger level to determine when a separate transient analysis is required. Transients are analyzed in the frequency 
domain using an 8-sec-long time history centered on the transient.   

The almost 2-hour-long measured vibration environment is evaluated in 2-minute time periods 
(per the Philips and GE specifications) to characterize the time-varying RMS acceleration steady-state environment. 
The worst-case condition meets the Class-D requirements for generic sensitive equipment. Areas intended to 
support MRI operation are normally required to meet Class-D or the less demanding Class-C requirement, so the 
UTSWMC site is relatively quiet, even with the vehicle-induced vibration. It is worth noting that the 2-minute 
evaluation period is rather long when transients are present. A shorter evaluation time would tend to emphasize 
the contribution of the transients and lower the generic vibration classification.  

The Philips MRI is relatively insensitive to the measured vibration. The worst-case 2-minute 
period produces an RMS acceleration level of only 30% of the specification limit. The Philips MRI can therefore 
accommodate a significant increase in traffic. Both rooms, NE 2.704 and NE 2.706, are acceptable for the Philips 
Ingenia 3.0T. Plans to raise the current floor level to the desired finish floor level with flowable fill and the 9-in-
thick reinforced concrete slab can proceed. The fill and slab will not affect the vibration environment. 

The no- or low-traffic steady-state RMS vibration level only reaches 5% of the GE limit. Vehicle-
induced ground-borne transient vibration is responsible for RMS acceleration levels at 60% of the GE specification. 
The measured environment satisfies the GE specification at present. There is a small chance that a modest increase 
in the traffic volume on Forest Park Rd. could cause the vibration to exceed the GE specification at some point in 
the future. Three or four significant traffic-induced transients can occur during a single MRI scan that could cause 
blurring in the image.  

The present vibration environment will not affect the performance of the GE MRI. UTSWMC may 
wish to take this pre-construction opportunity to consider vibration mitigation options to avoid the potential for 
future impaired performance as traffic volume and roadway surface irregularities increase. The isolation slab 
provides the optimum combination of effectiveness and cost; however, the most successful implementation of this 
option is contingent upon the MRI manufacturer providing a characterization of the frequency-dependent forces 
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produced during operation. The seismic wave barrier is a second option that can be implemented at a later date 
when and if MRI image blurring is routinely observed. The performance benefit offered by the seismic wave barrier 
cannot be predicted with a high degree of confidence and the cost of implementation is much higher than the 
isolation slab. Finally, a low/no-cost option is to request implementation of a lower speed limit on Forest Park Rd. 
close to the MRI bays. A reduced vehicle speed will lower the amplitude of the observed transients, but there is no 
guarantee that drivers will obey the lower speed limit in sufficient numbers to translate into a reduced RMS 
acceleration level.    
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Appendix A 

SIGNIFICANT VEHICLE-INDUCED TRANSIENT EVENTS 

 

 

 

 

Figure A-1 NE 2.704, Event Time = 2 Minutes 
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Figure A-2 NE 2.704, Event Time = 7 minutes 

 

 

Figure A-3 NE 2.704, Event Time = 15 Minutes 
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Figure A-4 NE 2.704, Event Time = 22 Minutes 

 

Figure A-5 NE 2.704, Event Time = 29 Minutes 
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Figure A-6 NE 2.704, Event Time = 46 Minutes 

 

 

Figure A-7 NE 2.704, Event Time = 50 Minutes 
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Figure A-8 NE 2.706, Event Time = 76 Minutes 

 

 

Figure A-9 NE 2.706, Event Time = 84 Minutes 
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Figure A-10 NE 2.706, Event Time = 92 Minutes 

 

 

Figure A-11 NE 2.706, Event Time = 105 Minutes 



 

 A-7 

 

0 2 4 6 8 10 12
-6

-4

-2

0

2

4

6
x 10

-3

 

Figure A-12 NE 2.706, Event Time = 111 Minutes 

 

 

Figure A-13 NE 2.706, Event Time = 120 Minutes 


