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1. INTRODUCTION 

1.1 Overview 

This report presents the results of vibration propagation tests that were performed to assist in predicting 
the levels of groundborne vibration and noise that would be generated by the proposed Westside Subway 
Extension. The testing was performed as part of the Final Environmental Impact Statement and 
Environmental Impact Report (FEIS/EIR).  

Borehole vibration tests were performed in order to determine directly the vibration propagation 
characteristics for subsurface vibration sources at a given site. The test method consists of generating 
ground vibration at the bottom of the hole using the drill rig penetration drop hammer. The impulsive 
forces transmitted into the soil at the bottom of the borehole are measured using a special load cell and the 
resulting surface acceleration measured at varying distances from the hole.  

The resulting measurements are digitally processed to obtain the transfer mobility, which characterizes 
the relationship between the exciting force and the resulting ground motion. Additional details on the test 
procedure, equipment, and data processing is provided in Section 2. 

Testing was performed at 12 sites, selected from the roughly 100 rotary-wash boreholes that were part of 
the overall geotechnical investigation undertaken by Mactec Engineering1. The locations of the test 
boreholes, the test dates, and the depths of the tests are given in Table 1 and Figure 1 shows the general 
locations of the test sites. 

Table 1: Borehole Locations and Test Dates 

Borehole Location / Cross Street Test Date(s) Test Depths (ft) 

G-106 Wilshire / Arden 24-Mar-2011 50, 60, 70 
G-124 Wilshire / Fairfax 17-Mar-2011 40, 55, 60 
G-134 Wilshire / Hamel 30-Mar-2011 50,60, 70 
G-145 Wilshire / El Camino 14 - 15 Mar 2011 50, 60, 70 
G-152 Santa Monica / Wilshire 31 Jan - 1 Feb 2011 55, 65, 75 
G-164 Moreno / Young 26 - 27 Jan 2011 45, 55, 65 
G-165 Beverly Hills HS (classrooms) 5-Mar-2011 55, 65, 75 
G-166 Beverly Hills HS (Lacrosse field) 19-Mar-2011 55, 65, 75 
G-173 Missouri / Fox Hills 21 - 22 Feb 2011 60, 70, 80 
G-176 Warner / Thayer 27-Dec-2010 80, 90, 97 
G-178 Wilshire / Manning 17-Jan-2011 65, 75, 85 
G-203 VA Medical Center 3-May-2011 55, 65, 75 

                                                     

1 MACTEC Engineering and Consulting Inc., Project 4953-10-1561 
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Figure 1: Overview of Vibration Test Borehole Locations 

1.2 Executive Summary 

The 12 borehole sites listed in Table 1 were selected for the vibration survey based on two criteria. The 
first consideration was to select test sites based on their proximity to vibration-sensitive sites previously 
identified in the draft EIS/EIR as exceeding the Federal Transit Administration (FTA) criteria. The 
second was to select locations that would provide a reasonably uniform sampling along the proposed 
subway alignment. Three of the sites selected for this study (G-164, G-165, and G-166) were located at or 
near Beverly Hills High School, which had been identified as a site of particular concern.  

At many of the test sites, the borehole vibration measurements and the subsequent mobility calculations 
were affected by unexpectedly low force level being developed at the bottom of the boreholes, high 
ambient vibration levels, or a combination of the two. The resulting low signal-to-noise ratio levels 
resulted in a relatively high scatter in calculated point source transfer mobility (PSTM) values. The line 
source transfer mobility (LSTM) functions derived from the PSTM data have been reviewed for 
reasonableness and provide a good estimate of vibration propagation characteristics over frequency 
ranges that the coherence exceeds 0.3. However, care should be exercised applying the derived LSTM 
functions at low and high frequencies and at diagonal distances that are outside the 50 to 200 foot range 
of the measurement data.  

Figure 2 provides an overview of the final LSTM curves for the twelve sites assuming a vibration line 
source that is the length of a 6-car train and a 100 foot receiver distance. The shapes of the 1/3 octave 
band spectra are all similar. There is a broad peak in the LSTM spectra between 16 and 40 Hz with the 
LSTM falling off at a rate of about 10 decibels per octave at higher frequencies. The LSTM curves all fall 
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within an 18-dB wide envelope at essentially all frequencies. Sites that are toward the high side of this 
envelope are G-106, G-134, and G-176. Sites G-145 and G-178 fall noticeably below the mean for most 
of the frequency range.  

Figure 2: Cross-site Comparison of LSTM Values (6-Car trains at 100 Foot Diagonal 
Distance)

Additional observations from inspection of the 12 LSTM functions are: 

Comparisons between G-164, G-165, and G-166: These sites were closely spaced, with 475 
feet separating G-164 and G-165, and only 220 feet between G-165 and G-166. The resulting 
LSTM spectra for these three sites are in most respects similar (particularly the LSTM spectra for 
G-165 and G-166), but with two notable differences. The 50-foot LSTM for G-166 is 
significantly elevated at 63 Hz (approximately 10 dB) with respect to the other sites. In addition, 
the LSTM levels in the 16-25 Hz bands vary as much as 15 dB between sites. It should be noted 
however that the PSTM coherence values at these frequencies were uniformly poor at these sites.

Comparison between G-173 and SB-2: Site G-173 (Fox Hills Drive & Missouri Ave.) The site 
G-173 borehole was located only 75 feet from a prior borehole test (SB-2) conducted in June 
2010. The SB-2 test results were documented in a previous report, but a top-level comparison of 
the results is of interest here. The SB-2 test consisted of PSTM measurements at six distances for 
a single test depth of 103 feet. The G-173 tests were done at depths of 60, 70, and 80 feet with the 
line array orthogonal to the SB-2 test. The peak force levels (35k lbs) developed during the SB-2 
test were distinctly greater than for G-173, where typical levels were 20k lbs (60 ft), 15k lbs 
(70 ft) and 10k lbs (at 80 ft). The general shape of the PSTM spectra and the derived LSTM 
values are quite similar between the two tests, but the absolute levels in all cases are 
approximately 10 dB greater in the G-173 measurements. This is a significant difference, 
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particularly in view of the otherwise consistent behavior and the (relatively) good quality of the 
data. After carefully inspecting the data, we are confident that the results reflect variations in the 
vibration transmission characteristics of the soil at a depth of 100 feet at SB-2 compared to the 
vibration transmission characteristics of the soil at shallower depths at G-173. 

Indoor/Outdoor results from G-165: Indoor vibration measurements were made in three 
classrooms at Beverly Hills High School during the G-165 borehole test. For two of the 
classrooms (123 and 201), little amplification was observed, but room 107 showed significantly 
increased levels at low frequency. Detailed results from the indoor measurements can be found in 
Sections 3.7.2 and 3.7.3

The remainder of this report presents the detailed result from each downhole vibration propagation test. 
The field testing and data procedures are described in Section 2 and the results for each borehole are 
presented in Section 3. Included in Section 3 for each site are: 

A description of the site. 

Graphs of the measured PSTM spectra and the corresponding coherence values at each measurement 
depth.  

The LSTM spectra derived from the PSTM spectra presented in tabular as well as graphic form.  

All LSTM values presented in Section 3 are for a line source corresponding to a-6-car train. Table 2 
presents the approximate difference between LSTM curves for different length line sources and different 
distances from the tracks. The absolute values of the adjustments increase with distance from the tracks 
and reach the maximum at distances of 300 to 600 ft from the tracks. All other things being equal, fewer 
cars per train will result in lower LSTM values. 

Table 2: Adjustment Factors to Approximate 
LSTM for Different Length Trains 

Distance  (feet) LSTM Adjustment in dB* 
2-Car 4-Car 

50 -0.4 -0.5 
75 -1.3 -0.7 

100 -2.1 -0.9 
150 -3.0 -1.2 
200 -3.4 -1.3 
250 -3.9 -1.4 
300 -4.2 -1.5 
400 -4.6 -1.7 
500 -4.8 -1.8 
600 -4.8 -1.8 
800 -4.8 -1.8 

1000 -4.8 -1.8 
Note: 
* Value to be added to 6-car LSTM levels for  2- or 4--

car train lengths 
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