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A.2  Train Vibration, 5th Street and 5th Avenue (Embedded Track)  
 

 
 

Figure 187:  Average Vibration Spectra, 5th Street and 5th Avenue Embedded Track 
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Figure 188:  Vibration Spectra, 5th Street and 5th Avenue Embedded Track, 25 and 50 ft, 20 mph 
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Figure 189:  Vibration Spectra, 5th Street and 5th Avenue Embedded Track, 75 and 100 ft, 20 mph 
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A.3  Train Vibration, 5th Street and Portland Avenue (Embedded Track)  

 
Figure 190:  Vibration Spectra, 5th Street and Portland Avenue, 25 ft 
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Figure 191:  Vibration Spectra, 5th Street and Portland Avenue, 38 ft 
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Figure 192:  Vibration Spectra, 5th Street and Portland Avenue, 50 ft 
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Figure 193:  Vibration Spectra, 5th Street and Portland Avenue, 62 ft 
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Figure 194:  Vibration Spectra, 5th Street and Portland Avenue, 75 ft 
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Figure 195:  Vibration Spectra, 5th Street and Portland Avenue, 100 ft 
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A.4  Train Vibration, Minnehaha and 53rd Street (Embedded Track)  

 
Figure 196:  Train Vibration, Minnehaha and 53rd Street, 23 ft from Track Centerline 
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Figure 197:  Train Vibration, Minnehaha and 53rd Street, 38 ft from Track Centerline 
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Figure 198:  Train Vibration, Minnehaha and 53rd Street, 58 ft from Track Centerline 
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Figure 199:  Train Vibration, Minnehaha and 53rd Street, 103 ft from Track Centerline 
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A.4  Bus Vibration, Minnehaha and 53rd Street  

 
Figure 200:  Single Bus Vibration, Minnehaha and 53rd Street, 10 ft from Roadway Centerline 
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Figure 201:  Articulated Bus Vibration, Minnehaha and 53rd Street, 10 ft from Roadway Centerline 
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Figure 202:  Single Bus Vibration, Minnehaha and 53rd Street, 25 ft from Roadway Centerline 
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Figure 203:  Articulated Bus Vibration, Minnehaha and 53rd Street, 25 ft from Roadway Centerline 
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Figure 204:  Single Bus Vibration, Minnehaha and 53rd Street, 45 ft from Roadway Centerline 
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Figure 205:  Articulated Bus Vibration, Minnehaha and 53rd Street, 45 ft from Roadway Centerline 
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Figure 206:  Single Bus Vibration, Minnehaha and 53rd Street, 90 ft from Roadway Centerline 
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Figure 207:  Articulated Bus Vibration, Minnehaha and 53rd Street, 90 ft from Roadway Centerline 
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APPENDIX B.  OUTDOOR-INDOOR VIBRATION DIFFERENCES 
The following figures show the line-source transfer mobilities measured inside and outside of various University of Minnesota research laboratories.  The 
difference in the frequency ranges that the coherences are above 0.3 provide an estimate of the attenuation as ground-borne vibration is transmitted from 
the ground into building foundations and then to the laboratory spaces.   

 

 
Amundson Hall, Basement Hallway  
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Weaver Densford Hall, 4th Floor (Street Level relative to Washington Avenue) 

 
Electrical Engineering and Computer Sciences Building Microscopy Center 
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NMR Center, Basement of Hasselmo Hall 
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APPENDIX C.  ESTIMATING SOUND LEVEL FROM VIBRATION LEVEL 
The approach recommended in the FTA Guidance Manual for predicting ground-borne noise is to assume that: 

Lp (dB re 20µin/sec) = Lv (VdB re 1µin/sec) 

This is largely based on one room surface vibrating and radiating sound as a plane wave.  At the boundary of a vibrating 
surface, the relationship of the surface vibration and the air pressure is: 

p = ρcv 

 ρ = density of air 
 c =  speed of sound in air 
 v =  vibration velocity 

Ignoring any reverberant sound and any sound radiated off of other room surfaces, the relationship using decibel 
references of 10-6 in/sec for vibration velocity and 20×10-6 Pa for sound pressure  is: 

Lp = Lv – 5.7 

For this study the basic format assumed when predicting the levels of ground-borne noise is:  

Lp = Lv + K 

The value of K is dependent on the amount of acoustical absorption in the room.  For a typical room including recording 
studios, K has been assumed to be zero.  That is, the approach recommended by the FTA manual is applied.  Experience is 
that this approach will tend to over predict the levels of ground-borne noise for most spaces.   

For spaces that are highly reverberant such sanctuaries of the two churches on Cedar Street, K has been assumed to be +3 
dB.  This accounts for reflections causing sound levels to be slightly more than 8 decibels greater than the directly 
radiated sound.   

For a typical room with some sound-absorbing materials such as carpets, books, and upholstered furniture, the relationship 
between the vibration of room surfaces and the radiated sound has been found to be: 
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