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Dynamic Site Characterization: Surface Wave Testing

B.R. Cox, PhD, PE 2

Combined 
active linear 
arrays and 
passive 2D 

arrays

Vs

Robustly 
determined by 
experts: part 

of “site 
signature”

Still 
challenging for 
experts: highly 

non-unique



NHERI@UTexas - Hobson Ave Bridge Testing

Surface Wave Acquisition:  My Typical Approach

• Combined linear-array, active-source MASW and 2D-array, passive-source MAM

• Required to generate broadband dispersion curve (“site signature”)

• I cannot recommend linear-array, passive testing (e.g. ReMi) … talk to me after
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Active-Source MASW Testing Passive-Source MAM Testing

(cross section) (plan view)

3-comp broadband
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Hobson Ave Bridge: Surface Wave Testing
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Vs

MASW Array
24, 4.5Hz V Geophones
1m spacing (23m long)

16lb sledgehammer source

4 “shot” locations each side:
• 1m (p-wave refraction)
• 5m
• 10m
• 15m
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Our Typical MASW Processing
• Frequency domain beamformer (FDBF) or standard FK 
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2D Transformation
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Hobson Ave Bridge: Dispersion Data
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Vs30  ~  1.045*Vr40
Brown et al. (2000)

Site Class D
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Ambient Vibration Testing:  Freefield Soil
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broadband

30m

30m



NHERI@UTexas - Hobson Ave Bridge Testing

Ambient Vibration Testing:  Freefield Soil
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Horizontal-to-Vertical (H/V) Spectral Ratios
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• Indication of fundamental site frequency (f0)
• Used to constrain depth to bedrock during 

surface wave inversion

f0 ~
4*Hsoil

Vsavg
𝐻/𝑉 =

𝐹𝐴𝑆 (𝐻 𝑡 )

𝐹𝐴𝑆 (𝑉 𝑡 )
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H/V Results:  Freefield Soil
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f0 site ~ 2.25 – 3.0 Hz

Bridge
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Ambient Vibration Testing:  Nearfield Soil
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Ambient Vibration Testing:  Nearfield Soil
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H/V Results:  Nearfield Soil
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f0 site ~ 2.25 – 3.0 Hz
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Ambient Vibration Testing:  Bridge Deck
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Ambient Vibration Testing:  Bridge Deck
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Looking from North to South… mirror image

W
E
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H/V Results:  Bridge Deck
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f0 site ~ 2.25 – 3.0 Hz

f0 long ~ 2.75 Hz

• Why H/V on structure?
• Is the site controlling 

folong or is folong
controlling the site? 

f0 trans ~ 5.0 Hz

Bridge

N/Long./In-line
E/Trans./X-line

N
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T-Rex Over Middle Bent:  Horizontal X-Line Shaking
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Vs
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Deck West Horizontal X-Line Geophone
Chirp from 15Hz – 1Hz
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Deck West Horizontal X-Line Geophone
Reduction in Resonant Frequency
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Deck West Horizontal X-Line Geophone
Peak Particle Velocity v.s. T-Rex Force Output 
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Transfer Functions:  T-Rex Shaking
Vertical Geophones: Deck West/Deck East
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Rocking
180o phase shift

Resonant in 
transfer 
direction
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Transfer Functions:  Noise
Vertical Geophones: Deck West/Deck East
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Realistically Accounting for Vs Uncertainty in Site Response using the Experimental Site Signature
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