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Predicting Subway Vibration

e Source is below ground

o0 Requires drilling rig/crew

o May take a full day to drill to depth
e How to measure

o Force input below ground?

0 Response at high floors?

e \What effect does the tunnel construction have?

B Consulting




Borehole Vibration Testing
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Drilling Rig For Downhole Testing
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Drilling Rig For Downhole Testing
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Downhole Load Cell
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Downhole Load Cell
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Solid Rock

FROUECT: 101210022 RECORD OF DRILLHOLE: T-51 EHEET & OF 10
LOCATION: 503154033 F 36744870 DRILLING DATE:  Oclober 21-Nowember 3, 210 DATUM:  Gacdesic
NCLMATION: 41" AZMUTH: & DRLLRIG. CWE 820
DRILLING CONTRACTOR: Marathon Driling
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Basements Carved out of Rock

« Basement levels are highly
coupled to source

 Drill crew changed to
narrower bit

e Progress was still slower
than expected
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Data Issues

* Only a single point
0 Repeat at 3 depths, separated by 10 ft
0 Extrapolate by assuming logarithmic decay with distance
0 Remember to use diagonal distance

 The drop hammer can cycle very quickly
o Puts high forces into the ground 20,000-30,000 Ibs
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Projected Line Source

Line Transfer Mobility, dB re 1 {pin/sec)/{Ib/ft'?)
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Coherence

NV3 COH

1 I I [ I | T | | | T T T T T | T T
—i— 5

0gF —9—50 —
—+— 100
0.8k —a— P1.1 Lobby /'\

—e— P1.2 Parking /

P1.3 Parking

—»— P31 Znd Floar Office

07F —— P2 .1 1st Floor Office /

Coherence

8 16 31.5 63 125 250

1/3 Octave Band Center Frequency, Hz
E Consulting




Projected Line Source At High Floors
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Projected Line Source At High Floors
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Coherence At High Floors
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Impact Response

Basement Positions, 52 ft Depth
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Impact Response
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Finite Element Modeling

Print  Help
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Finite Element Modeling

Garage Response with and without Tunnel

No Tunnel

With Tunnel
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Lessons

« Communicate with drilling crew (preferably with
actual employee in charge)

e Schedule enough time for drilling

e Bring spare parts

e Borehole is good approximation of tunnel
* Be flexible!
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