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Figure 5-10 Vibration measurements at Site 1 due to traffic on Interstate 5

Proposed land uses that would be sensitive to vibration and next to the highway for the Initial Phase
of the Railyards project are located in the West End District. The estimated distance from the
roadway structure support columns to the sensitive land use would be 80 to 100 feet. Vibration
velocities measured adjacent to Interstate 5 show that only single events such those associated with
the L; descriptor could potentially generate vibration levels over the 72 VdB vibration criterion at
the location of the sensitive land uses. As presented in Section 4.2, human response to transient
vibration is less sensitive (i.e., tolerates higher levels) than for sustained vibration. A good
characterization of the potential impact due to vehicle traffic on I-5 would be best represented by the
measured Lo levels. Thus, Figure 5-10 shows that significant impacts at ground level of new
buildings would occur for distances closer than 70 feet from the support columns.

5.2.2 Resulits of Initial Vibration Projections

Table 5-1 show the results of the vibration analysis performed for specific receptors in the Initial
Phase of the Railyards Specific Plan. Specifically, vibration projections were performed for the
Museum of Railroad Technology, the Performing Arts Facility, and parcels 47b, 51, 44, 68S and 12.
Results in Table 5-1 show the expected ground-borne vibration and ground-borne noise levels due to
each of the four vibration sources. Sensitive land uses were chosen based on their proximity to the
alignments.

Neither reduction nor amplification in the overall building vibration response (BVR) was assumed
for this initial evaluation. For the type of building expected at the Railyards project (i.e., mid-rise to
high-rise height) the BVR would likely be null due to a cancellation between the foundation
coupling loss and the floor amplification. The actual dynamic responses of the residential buildings
constructed as part of the Railyards project are going to depend primarily on the location and type of
foundation or piles, relative to the rail tracks plus the type of building construction used. A more
refined analysis should be performed during the next stage of the project when more details of the
buildings are known. The detailed analysis performed at later stage should be representative of the
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type of buildings including the characteristics of the foundations to better assess the actual
attenuation and/or amplification provided by the planned structures at that time

Table 5-1 shows that most Category 2 land uses located in the vicinity of the UPRR and DNA LRT
alignments would be exposed to vibration levels that are a significant impact due to rail operations.
Therefore, it is necessary to consider potential vibration mitigation that could reduce these impacts
to a level that is less than significant.

Vibration levels from freight operations are projected to be about 19 VdB in excess of the criterion,
whereas they are 12 VdB in excess of criterion for passenger train operation in Category 2 land uses.
At the Museum of Railroad Technology, the projected ground-borne vibration exceeds the criterion
of 75 VdB by 16 VdB for freight operations and 5 VdB for passenger train operations.
Ground-borne noise is also expected 16 dBA in excess of the 35 dBA criterion for Category 2 land
use due to freight and passenger train operations.

Ground-borne vibration levels would be expected to bel2 VdB in excess of the 65 VdB criteria at
the proposed location of the Performing Arts Facility due to freight train operations. However,
vibration due to passenger trains operations is expected to be less than the FTA criterion.
Nevertheless, this initial evaluation shows potential for ground-borne noise impact to the Performing
Arts Facility due to both freight and passenger train operations.

The DNA LRT project is expected to generate ground-borne vibration velocities up to 2 VdB in
excess of the FTA criterion for Parcel 47b at the West End District resulting in a significant impact.
In contrast, in the Depot District where the assumed operational speed is 10 mph, the LRT project
would produce a less than significant impact. However, special trackwork (i.e., crossovers) could
increase the ground-borne vibration in the area of the Depot District up to 9 VdB over the 72 VdB
criterion resulting in significant impact for such residences in the area near crossovers.

The projected vibration velocities from vehicle traffic on Interstate 5 are likely to cause a less than
significant impact to Category 2 land uses in the West End District. Vibration sensitive land use at
Parcel 12 would be located at a distance of 80 feet and further from the roadway structure columns.
Ground-borne vibration from I-5 would be expected to be about 70 VdB at the location of Parcel 12.

In conclusion, vibration sensitive land uses proposed for the Initial Phase within 200 feet from the
UPRR alignment could experience a significant impact from passenger trains operations. The
distance could extend up to about 450 feet if the speed is 30 mph such as that expected east of
Seventh Street. Ground-borne vibration from freight operations is likely to produce a significant
impact to FTA Category 2 residential receptors up to a distance of 600 feet from the alignment.

Residential land use within 170 feet could experience significant impact from operations of the light
rail extension project at 35 mph. In the area of the Depot district, Category 2 receptors could
experience significant impact if they are located within 80 feet of the alignment or within 120 feet in
the proximity of a crossover.
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5.2.3 Potential Vibration Mitigation Measures

Vibration levels expected in the vicinity of the Railyards Specific Plan area would be higher than the
FTA cnteria. Thus, it is necessary to evaluate potential vibration mitigation to reduce the
environmental impact from train operations to a level that is less than significant. Standard vibration
mitigation measures applied at the track level that have been used successfully in the past are
capable of providing varying degrees of vibration reduction depending on the type of mitigation.
However, the available vibration mitigation measures are essentially limited to a maximum of 15
VdB reduction in the overall level. Consequently, achieving the criteria for ground-borne vibration
might not be feasible for the current building siting plan. It is important to consider a mitigation
alternative that provides reduction in vibration over all frequencies of concern. The initial evaluation
for freight trains have shown that for residential receptors, the increase over the FTA’s frequency-
based curve for impact starts at 6 Hz. Consequently, it would be necessary to provide a vibration
reduction in such a manner so as to decrease vibration beginning at 6 Hz.

Other means of avoiding and/or mitigating vibration levels involves the siting and/or design of
impacted buildings. For example, avoiding large floor spans that result in resonance frequencies in
the range of 6 Hz tol2 Hz, which for this particular case, could result in amplification of the
vibration caused by each train passby, may be helpful. Based on the soil conditions in the area of the
Railyards, buildings are likely to be founded on deep piles. The design of building piles should be
reviewed to provide maximum vibration reduction where possible. For example, “friction piles”
designed to be heavier and with bigger diameter than normally used could provide vibration
reductions on the order of 3 to 5 VdB, compared to end-bearing piles. This alternative should be
evaluated during preliminary design.

In general, reduction of vibration could be achieved by applying mitigation at the source (vehicle,
track support system), within the path (soil densification) or at the receiver (foundation piles or base
building isolation).

Due to the high levels of projected vibration levels from freight and passenger train, the most viable
mitigation solution is (but not limited to) to implement measures that focus on the path or receiver.
But, further study of track support designs such floating slab track isolation systems should be
evaluated during Preliminary Engineering (PE) design. Vibration mitigation to reduce the projected
vibration levels from LRT operations could be achieved by reducing the amplitude of the vibration
generated at the source.

The following section provides some recommendations for vibration mitigation for freight-passenger
trains and LRT trains.

Freight and Passenger Trains

Increase Distance to Buildings: Locating vibration sensitive receptors further away from the rail
alignment could help reduce the level of impact. The following distances are based on projected
ground-borne vibration levels in the ground. A thorough review of the proposed structural properties
of the buildings when they are available could alter the screening distances. All distances are
measured from the closest track centerline. At this stage of the analysis, the minimum recommended
distance for residential buildings is 700 feet from freight trains traveling at 30 mph, 200 feet from
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passenger trains traveling 10 mph (West of Seventh Street), and 450 feet for passenger trains
traveling 30 mph (East of Seventh Street).

Soil Densification: the increase of the soil stiffness under the track will theoretically reduce the force
that the rail vehicle is capable of imparting to the soil and if so then the resulting soil vibration levels
should be lower. However, this type of mitigation does not appear capable at this point of providing
enough reduction by itself to achieve levels specified by the FTA criteria. Moreover, the extent of
this type of solution should go down to the naturally occurring stiffer layers of soil, which may
require treatment that is very deep. We anticipate that treatment of the soil to depths of at least 30
feet or deeper would provide benefits on the order of about 4 VdB of reduction. Detailed
investigation and analysis of the local soil characteristics should be performed prior to further
analyzing this mitigation approach in PE.

Trenches: The use of trenches could mitigate vibration from the UPRR rail. This method is more
effective when trenches are located next to the rail alignment. Trenches work in a manner analogous
to a sound wall. However, a general rule of thumb as presented by FTA is that the bottom of the
trench should be at least 0.6 times the Rayleigh wavelength. Based on the initial third-octave band
analysis, vibration mitigation must be achieved for frequencies of 6 Hz and higher. The equivalent
trench depth for standard soil at a frequency of 6 Hz would be approximately 60 feet. The expected
reduction in vibration levels could be on the order of 4 to 5 VdB with this method.

Piles under track bed: Another mitigation alternative is to construct a concrete track bed over deep
and massive piles. Piles would need to be driven about 60 feet deep into the soil. The expected
vibration reduction provided by this type of mitigation is no more than 5 VdB under optimal
circumstances.

Tired-Derived Aggregate (TDA): The use of shredded scrap tires as a vibration isolating medium for
rail is relatively recent. TDA as a vibration reduction medium consists of a construction with a
compacted layer of shredded tires approximately 12 to 18 inches thick located below the sub-ballast
and ballast layers of track. This system has been installed at selected locations on two transit
systems, on the San Jose VTA Vasona Line and at Denver's TREX light rail line. Recent
investigation indicates that the performance is more effective than a ballast mat, but less effective,
particularly at lower frequencies when compared to the performance of a floating slab track bed
system.

Floating Slab Tracks: This approach basically consists of a massive concrete slab supported on
elastomeric elements, normally natural rubber. Several designs have been successfully used for
heavy rail transit systems such as_in Washington DC, Atlanta, Boston, and the San Francisco Bay
Area on the BART system. This specific design consists of concrete slabs that are normally 6-feet
long and supported vertically on four natural rubber pads per slab. Each slab is held in place in the
lateral direction by natural rubber "side pads” that bear against a curb constructed in a concrete
bathtub (shallow retained cut). In the longitudinal direction, natural rubber pads separate adjacent
slabs. All of the horizontal (lateral and longitudinal) restraint pads are pre-compressed during
installation. One of the most significant design parameters of the floating slab track bed is the
fundamental natural frequency of the track bed in the vertical direction. The appropriate floating
slab natural frequency depends on the groundborne vibration frequencies, which require reduction.
Floating slab track bed designs to date have been in the 8 to 16 Hz range. The design for the BART
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system was targeted to achieve an 8 Hz natural frequency, because of unusual circumstances
primarily involving soil conditions.

Light Rail Train (LRT)

Increasing Distance to Buildings: Locating vibration sensitive receptors at least 180 feet from the
LRV track centerline where trains are traveling 35 mph and at least 80 feet where traveling at 10
mph (120 feet in the proximity of a crossover) would reduce the vibration impact from LRV
operation to a level that is less than significant.

Resiliently supported fasteners: The design of DNA tracks could include a resilient support fastener
system which reduces ground-borne noise and vibration at frequencies above 30 to 40 Hz. Even
though this type of mitigation is more effective at controlling ground-borne noise, it can effectively
control vibration in cases such as this one. Such an approach should be investigated once the specific
track design for the DNA extension is better known.

Ballast Mat: A ballast mat is a rubber or synthetic material mat, which is installed beneath the track
bed. It is usually continuous, but may have voids within the mat, and its thickness is usually in the
range of 1 inch to 2 inches. The ballast mat is most effective at frequencies above approximately 25
to 30 Hz, depending on details of installation. Ballast mats can provide up to 10 dB attenuation at
frequencies above 30 Hz and it might represent a viable solution to mitigate ground-borne vibration
from LRT.

Tired-Derived Aggregate (TDA): Tired-derived aggregate is a more effective vibration reduction
than a ballast mat, but less effective than floating slab tracks (particularly at lower frequencies).
TDA consists of a compacted layer of shredded tires (approximately 12 to 18 inches thick) located
below the sub-ballast and ballast layers of track. TDA has been installed at selected locations on two
light rail systems, on the San Jose VTA Vasona Line and at Denver's TREX light rail line.

Floating Slab Tracks: Floating slab track consists of a massive concrete slab supported on
elastomeric elements, normally natural rubber. One of the most significant design parameters of the
floating slab track bed is the fundamental natural frequency of the track bed in the vertical direction.
The appropriate floating slab natural frequency depends on the groundborne vibration frequencies,
which require reduction. Floating slab track bed designs to date have been in the 8 to 16 Hz range.
Several designs have been successfully used for heavy rail transit systems such as in Washington
DC, Atlanta, Boston, and the San Francisco Bay Area on the BART system.
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7.0 Appendix A - LSR Measurement
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Lines Source Response Site 5

Table A- 1 Line Source Coefficients, Site 5

Coefficients
Frequency (Hz) A B C D
3.15 31.714 -9.225 2.718 0
4 51.803 -23.764 5.465 0
5 26.208 8.205 -3.430 0
6.3 9.914 27.576 -8.671 0
8 30.621 7.100 -3.455 0
10 8.412 33.965 -10.775 0
12,5 -21.806 67.601 -19.226 0
16 -16.140 63.870 -18.472 0
20 5.208 44225 -14.142 0
25 -13.209 65.979 -20.257 0
31.5 -1.721 61.317 -20.159 0
40 -2.307 52.763 -18.507 0
50 -2.334 52.206 -19.402 0
63 -3.239 55.439 -22.107 0
80 14.379 36.073 -18.512 0
100 77.880 -35.022 -0.957 0
125 129.569 -89.448 12.291 0
160 172.213 -138.624 25.724 0

LSR = A + B-log(d) + C-log*(d) + D-log*(d)
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Figure A- 1 Line Source Response, Site 5
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Lines Source Response Site 6

Table A- 2 Line Source Coefficients, Site 6

Coefficients
Frequency (Hz) A B C D
3.15 49.494 -32.322 8.988 0
4 25.790 0.152 -0.454 0
5 22.226 9916 -3.919 0
6.3 20.461 12.152 -4.237 0
8 17.024 18.489 -6.337 0
10 15.427 21.813 -7.109 0
12.5 9.558 31.170 -9.863 0
16 7.297 37.640 -11.884 0
20 18.463 27.055 -9.330 0
25 16.610 30.057 -10.429 0
31.5 12.080 37.135 -13.330 0
40 40.272 9.216 -7.473 0
50 32.264 21.613 -12.408 0
63 59.723 -9.337 -5.779 0
80 68.090 -19.275 -4.489 0
100 161.788 -119.740 20.528 0
125 244.792 -209.383 43.392 0
160 263.092 -234.604 50.424 0

LSR = A + B-log(d) + C-log*(d) + D-log>(d)
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Figure A- 2 Line Source Response, Site 6
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Combine Lines Source Response

Table A- 3 Line Source Coefficients, Combine LSR

Coefficients
Frequency (Hz) A B C D
3.15 40.604 -20.773 5.827 0
4 38.796 -11.806 2.5054 0
5 24.217 9.0607 -3.6747 0
6.3 15.188 19.864 -6.4538 0
8 23.822 12.794 -4.8959 0
10 11.919 27.899 -8.9419 0
12.5 -6.1242 49.385 -14.545 0
16 -4.4215 50.755 -15.178 0
20 11.835 35.64 -11.736 0
25 1.7005 48.018 -15.343 0
315 2.1793 49.226 -16.744 0
40 18.983 30.99 -12.99 0
50 14.965 36.909 -15.905 0
63 28.242 23.051 -13.943 0
80 83.04 -36.335 0 0
100 84.263 -39.319 0 0
125 85.974 -41.121 0 0
160 79.25 -38.518 0 0

LSR = A + B-log(d) + C-log*(d) + D-log*(d)
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Figure A- 3 Combine Line Source Response (Site 5 and Site 6)
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