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Final Report 

STRUCTURAL VIBRATION ASSESSMENT OF THE PARKLAND 
MEDICAL/SURGICAL CLINIC MRI FLOOR STRUCTURE 

ABSTRACT 

The future site of the Medical/Surgical Clinic is adjacent to The New Parkland 
Hospital and is also very close to the Central Utilities Plant (CUP) and a light rail 
track and terminal. The Clinic’s design team, led by VAI Architects, requested 
Structural Engenuity, Inc. (SEI) provide a vibration assessment of the floor 
structure that will support five Magnetic Resonance Imagers (MRIs). Ground 
vibration data measured at the site show evidence of vehicle/train-induced 
vibration in the 5- to 15-Hz range and narrowband vibration at 18 Hz and 36 Hz 
from the CUP. Structural dynamics analyses of the floor system show that the 
present floor structure design satisfies the MRI vibration criteria with the 
planned 4-in-thick topping slab. SEI recommends that a follow-up vibration 
assessment be performed when the building is essentially complete, but before 
the MRIs are installed. 

KEYWORDS: Ground-Borne Vibration, 
MRI Floor Assessment, 
Random Vibration Analysis, 
Site Vibration Testing.  
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1. INTRODUCTION 

The Parkland Health and Hospital System (PHHS) Medical/Surgical Clinic is planned for a site just 
to north of The New Parkland Hospital. The clinic contains space for five (5) Magnetic Resonance Imager (MRI) 
suites located on the west end of the 1

st
 floor. The architect for the clinic, VAI Architects in Dallas, Texas, requested 

a vibration assessment of the proposed structure to verify that the site and structural system will provide a 
suitable vibration environment for the operation of the Siemens Skyra 3.0T MRIs that will be installed in the MRI 
suites.  The site of the future Medical/Surgical Clinic is shown in Figure 1-1. The Central Utilities Plant is located just 
to the west of the clinic and a Dallas Area Rapid Transit (DART) light rail line runs passed the site to the north. 
Major 6- and 4-lane roadways bound the building site to the south and east.  

 

Figure 1-1 Future Site of the PHHS Medical/Surgical Clinic 

The Medical/Surgical Clinic is a five-story reinforced concrete building with a poured-in-place pan 
joist floor system. The 1

st
-floor structure

1
 is also a one-way pan joist system spanning 32’-8” in the east-west 

direction and is supported by north-south girders spanning 28’-10” between columns. The 48-in. diameter piers 
extend down to and are embedded in bedrock. The MRI suites are contained within a 3×3 bay area on the north-
west corner of the building. The floor system framing in this area differs from the framing elsewhere in the 
building. The joists in the MRI area are 6.5-in-wide, 24.75-in-deep, spaced at 37 in. on center, and include a 
4.75-in-thick slab. The floor system is recessed 4 in. in preparation for a 4-in-thick topping slab to be placed at a 
later date.  

The north-west corner of the 1
st

-floor plan is illustrated in Figure 1-2. The large red circles 
correspond to the planned locations of the MRIs. A portion of the underlying pan-joist structure is overlaid on the 
plan between Grids C and E and Grids 2 and 3 that illustrates the joist spacing and span direction. The topping slab 
is intended to provide magnetic insulation rather than structural support and there are ongoing discussions within 
the design team whether the depth of the recess can be reduced. The depth of the recess affects the vibration 
performance of the floor system. Any additional concrete topping increases the floor system mass and the stiffness 

                                                 
1
 VAI Architects, PHHS Med/Surg Clinic Building, “1

ST
 Floor Framing Plan – Area A,” Sheet No. S-111A, October 2, 2013. 
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of the floor system. The effect of topping thickness is plotted in Figure 1-3 as the ratio of floor system mass and 
stiffness with a given topping thickness to the mass and stiffness with no additional topping. For the proportions 
and spacing of the joists used in the MRI bays, additional topping tends to increase the stiffness in greater 
proportion to the mass; hence, the resonance frequencies of the floor tend to increase as topping thickness is 
increased. The added mass and stiffness are also beneficial in that they reduce the vibration amplitude for a given 
vibration source level. 

 

Figure 1-2 Medical/Surgical Clinic MRI Suite Layout and Floor Construction. 

 

Figure 1-3 Effect of Topping Thickness on Joist Mass and Stiffness. 
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2. MEDICAL/SURGICAL CLINIC FLOOR VIBRATION 

The primary sources of floor vibration include externally-generated ground-borne vibration (e.g., 
vehicle and train traffic), internally-generated human-induced vibration (e.g., from walking), and structure-borne 
vibration produced by the various mechanical systems in the building (e.g., air handling units and pumps). Vehicle 
generated vibration is primarily caused by the axle-hop mode of vehicles and tends to fall in the 8- to 20-Hz range. 
Walking-induced vibration occurs in the 1- to 6-Hz range; with the maximum effect concentrated near 2 Hz. 
Rotating machinery produces vibration in the 20- to 30-Hz range. Typical MRIs, including the Siemens Skyra model 
of interest here, are most sensitive to vibration in the 8- to 15-Hz range, so the effect of externally-generated 
ground-borne vibration is of paramount interest in this study.  

2.1 SITE VIBRATION TESTING 

The future site of the Medical/Surgical Clinic is an active construction support site for The New 
Parkland Hospital, which is nearing substantial completion. The present site vibration level is measured at the 
approximate location of the Clinic’s MRI suites and is identified in Figure 1-1 as the red circle and the “A”. The 
vertical vibration data are acquired with a Windows-based laptop, a USB-powered 24-bit data acquisition module 
(Data Translation DT9837A), and a high-sensitivity accelerometer (PCB 393B31, 9.88 V/g) during a period of little to 
no construction-related activity in the immediate vicinity of the measurement location. 

The vibration at the site is shown in Figure 2-1 as a power spectrum where the vibration level is 
plotted as acceleration power spectral density (PSD) over the frequency range of interest. Heightened vibration is 
present between 5- to 15-Hz as is expected from vehicle-generated vibration. The data acquisition period also 
captured the arrival and departure of a DART train. Two relatively narrowband peaks are present at about 18 and 
36 Hz and are most likely produced by the Central Utilities Plant located to the west of the site and pictured in the 
left-hand side of Figure 1-1. The plant is not presently operating at peak level so the amplitudes of these signals 
likely will be higher as the hospital transitions from construction to fully operational. A third, very narrowband 
peak is also present at about 50 Hz. The source of this signature is not known, but the very narrow bandwidth is 
suspicious for a ground-borne signal. This signal may be electrical noise caused by the laptop used to control and 
power the data acquisition system. 

 

Figure 2-1 Existing Vibration at Medical/Surgical Clinic Site. 
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2.2 PREDICTED FLOOR VIBRATION  

A random vibration structural dynamics analysis is performed to determine the vibration power 
spectrum of the floor system, SY(f), given the source random vibration power spectrum, SX(f), plotted in Figure 2-1 
and the transfer function, HY/X(f), calculated from the ratio of the acceleration at an MRI location to the 
acceleration of the supporting piers. The relationship between the source vibration (i.e., the ground) and the floor 
response vibration (i.e., at the MRI) power spectra is defined by 

 )()()( 2 fSfHfS XXYY   (1) 

The transfer function is computed assuming all supporting piers vibrate together and with the same magnitude as 
represented by the measured ground vibration PSD in Figure 2-1.  

A finite element model of a portion of the floor system is developed to compute the floor system 
transfer function. A three-bay portion of the 1

st
 floor bounded by Grids C and F and Grids 1 and 2 is used for the 

structural model of the floor system in this analysis. The locations of the three MRIs are shown in Figure 1-2. The 
boundary conditions around the perimeter of the floor structure are modeled as pinned (rotation allowed) and as 
fixed (no rotation allowed). These two models bound the actual rotational stiffness provided by that portion of the 
floor system not included in the model. Finally, the damping level is assumed to be 5% of critical.  

The ratio of the acceleration at each MRI location to the ground acceleration at the same 
frequency is determined via finite element analysis

2
 and is plotted in Figure 2-2 for the pinned boundary (left) and 

the fixed boundary (right). The resonance frequencies of the floor vibration modes are lower for the pinned-
boundary model than for the fixed-boundary model. The lowest mode of the pinned-boundary model occurs at 
14 Hz, whereas the lowest mode of the fixed-boundary model is about 25 Hz. Past experience evaluating the 
vibration characteristics of reinforced concrete buildings suggests the actual behavior of the floor system is most 
accurately represented by the fixed-boundary model.  

 

Figure 2-2 Floor System Transfer Functions: Simply Supported (Left) and Fixed Supports (Right). 

The plots shown in Figure 2-2 are the transfer functions, HY/X(f), required to determine SY(f) using 
Equation (1). The predicted floor system vertical vibration power spectra are provided in Figure 2-3 for the pinned-

                                                 
2
 Lamb, James L., Structural Dynamics Analysis Program (SDAP), Version 2013-02-26, February 2013 [Software]. 
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boundary model (left) and the fixed-boundary model (right). The floor vibration modes of the pinned model 
happen to coincide with the high measured ground-borne vibration, which results in amplified floor vibration in 
that frequency range relative to that predicted for the fixed-boundary model. The fixed-boundary floor vibration 
modes do tend to amplify the 36-Hz tone generated by the Central Utilities Plant so that peak is more pronounced 
in the floor vibration power spectrum shown on the right-hand side of Figure 2-3.  

 
Figure 2-3 Predicted Vibration PSDs at Each MRI Location: Pinned (Left) and Fixed (Right). 

3. FLOOR VIBRATION ASSESSMENT 

The vibration criterion of the Siemens Magnetom Skyra 3T
3
 is provided in the form of a 

narrowband spectrum that defines the maximum-allowed root-mean-square (RMS) acceleration as a function of 
frequency over the 1- to 100-Hz range and is plotted in Figure 3-1. The square root of the total power spectral 
density within a 1-Hz bandwidth centered on a given center frequency is the RMS acceleration for that center 
frequency. The MRI is most sensitive to vibration in the 8- to 15-Hz range where the maximum allowed 

acceleration is 65 gRMS. The MRI’s vibration sensitivity at 1 Hz is three times lower than at 8 Hz, and the MRI is 
virtually insensitive to vibration for frequencies greater than about 25 Hz.  

The floor vibration power spectra provided in Figure 2-3 are used to obtain the corresponding 
narrowband RMS acceleration spectra shown in Figure 3-2. The narrowband spectra obtained for the pinned-
boundary model are identified in the figure. The other three spectra correspond to the fixed-boundary model. 
None of the predicted response curves exceed the MRI limits; however, the RMS curves corresponding to the 
pinned-boundary model are very close to the limit. The lower-amplitude curves representing the fixed-boundary 
model are considered more representative of the actual performance of the floor system.  

                                                 
3
 Siemens, “Magnetom Skyra 3T,” Project No. 10024, Sheet S-101 
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Figure 3-1 Vibration Specification for the Siemens Magnetom Skyra 3T MRI. 

 

Figure 3-2 Vibration Response at Each MRI Location for Pinned- and Fixed-Boundary Models. 

4. CONCLUSIONS AND RECOMMENDATIONS  

Measured ground vibration at the future site of the PHHS Medical/Surgical Clinic shows the 
presence of ground-borne vibration from vehicular traffic on the nearby roadways, DART light rail, and some 
ongoing construction vehicle activity in the 5- to 15-Hz range. Narrowband vibration from the Central Utilities Plant 
is also present at 18 Hz and 36 Hz. The overall magnitude of the site vibration is about 1/10 of the vibration level 
allowed by the MRI vibration specification, which is most sensitive in the 8- to 15-Hz range. 

The Medical/Surgical Clinic structure will alter the measured vibration depending upon its modes 
of vibration. Column modes of the structure are not critical in this case because the MRI suites are located on the 
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1
st

 floor. The floor system vibration modes, however, will have an effect on the vibration environment. Structural 
dynamics analyses of the 1

st
 floor structure show that the lowest mode occurs at about 25 Hz, assuming the 4-in. 

topping slab is implemented as currently planned. In this case, the ground-borne vibration is not significantly 
altered by the floor system dynamics because there is adequate separation between the floor mode frequencies 
and the vehicle-induced portion of the ground-borne vibration. The present floor system design is expected to 
satisfy the Siemens vibration specification. 

There are ongoing discussions within the design team as to whether the full 4-in-thick topping is 
required for magnetic shielding. Any additional topping is beneficial from a vibration perspective because the 
topping tends to increase the floor’s resonance frequencies. Structural dynamics analyses of the floor system with 
0- and 2-in-thick topping show that the lower-frequency floor system modes can cause the vibration to exceed the 
MRI vibration specification if the level of structural restraint is less than expected. While the current floor system 
design is likely to satisfy the vibration requirement regardless of the topping thickness, the vibration performance 
may only be marginally acceptable for a topping thickness less than 2 in. SEI recommends that the 4-in-thick 
topping be retained. 

The site vibration measurements and structural dynamics analyses are expected to represent a 
conservative assessment of the floor system vibration performance relative to the MRI vibration requirements. 
Nevertheless, the site vibration characteristics can change as The New Parkland Hospital transitions from 
construction to operational and the Central Utilities Plant ramps up services to meet the increased demand. SEI 
recommends that a follow-up vibration survey be conducted when the Medical/Surgical Clinic nears completion, 
but before the MRIs are installed. 

 

 


