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Overview: 
 

•  Perspective on existing and 
future VS profile data…VS30 

•   State of the Art 
•   Limitations 
•   Successes 
•   Future Work 
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Outline: 
 

• U.S. Compilation of VS30 èVS profile 
database. 

•  VS profiles from non-invasive techniques in 
Southern California. 

•  “ARRA-Funded VS30 Measurements Using Multi-
Technique Approach…” by Yong et al. (2013; USGS 
OFR 2013-1102) 

•  “Geophysical Characterizations of Seismographic 
Station Sites…—The Use of Active Love Wave 
Techniques.” by Martin et al. (2014; Proceedings of 
10th NCEE Conf.) 
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USGS VS30 Compilation for the U.S. 

http://earthquake.usgs.gov/research/vs30/ 
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http://earthquake.usgs.gov/research/vs30/ 

SCEC 3D Site Effects Workshop5 May 2015 at SCEC Media Center, USC 



USGS VS30 Compilation for U.S. 
Yong et al. (2015; USGS DS in prep.) 
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Geophysical Techniques 

Invasive 
(PS-suspension) 

Non-invasive  
(MASW) 



Inva$$$ive 
(PS-suspension) 

Non-invasive  
(MASW) 

Geophysical Techniques 
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30 

0 

Apparently, 
VS30 had roots in the 
borehole drilling industry & 
this was during times of 
limited technology, so… 

…~100 feet, or 30 meters,  
is the depth that a drill-rig 
can reach in a day’s work, 
which has direct 
implications related to cost 
and environmental factors. 

Inva$ive/Borehole Technique$ 

Photo Credit: Cécile Cornou 
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Geophysical Techniques 
Non-invasive 

VS1 

VS2 

VS3 

Non-invasive techniques: multi-station array 

Figure Credit: Cécile Cornou 



Geophysical Techniques 

Non-invasive  
(MASW example) 

•  Relatively less monetary 
cost 

•  No (or minimal) 
environmental destruction 

•  Greater lateral and depth 
resolution despite non-
unique solution to VS 
profile 
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Non-invasive Techniques 
Rayleigh Wave Processing 

Figure Credit: Sebastiano Foti 
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Using ambient vibration techniques for site characterization

February 6th-12th, 2012, Las Vegas, USA

Dangers of unconstrained least square approach
surface wave inversion

Non-invasive Techniques 
Rayleigh Wave Processing; Inversion; Pitfalls 

Figure Credit: Cécile Cornou 
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Using ambient vibration techniques for site characterization

February 6th-12th, 2012, Las Vegas, USA

Dangers of unconstrained least square approach
surface wave inversion

Figure Credit: Cécile Cornou 

Non-invasive Techniques 
Rayleigh Wave Processing; Inversion; Pitfalls 
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Using ambient vibration techniques for site characterization

February 6th-12th, 2012, Las Vegas, USA

Dangers of unconstrained least square approach
surface wave inversion

Figure Credit: Cécile Cornou 

Non-invasive Techniques 
Rayleigh Wave Processing; Inversion; Pitfalls 
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Using ambient vibration techniques for site characterization

February 6th-12th, 2012, Las Vegas, USA

Dangers of unconstrained least square approach
surface wave inversion

Figure Credit: Cécile Cornou 

Non-invasive Techniques 
Rayleigh Wave Processing; Inversion; Pitfalls 
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•  PREVIOUS COMPARISONS: 
•  Boore (2006) in California: one site, multiple methods, multiple 

analysts 
•  Renalier et al. (2009): multiple sites, multiple methods, single 

analyst 

•  Moss (2008): multiple sites, multiple methods, review paper 

•  Cornou et al. (2006): multiple sites, multiple methods, multiple 
analysists, synthetics (no real borehole measurements) 

•  Cox et al. (2014): one site, several methods, several analysists, no 
borehole measurements 

•  SUMMARY: 
•  Low variability in dispersion estimates 
•  Large variability in inverted shear-wave velocity profiles 
•  Low variability in VS30 estimates 

Geophysical Techniques 
Invasive and Non-invasive  
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http://www.recovery.gov/Pages/default.aspx 

2009 
American Recovery & Reinvestment Act 
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http://pubs.usgs.gov/of/2013/1102/ 
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ARRA: Strong Motion Station Site Selection 

CA 

NV IL IN OH 

MI 

WV 

KY MO 

PA 

IA 
WI 

VA 

185 SM sites 
in CA 

4 (12) SM sites in CEUS 
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ARRA: Strong Motion Station Site Selection 

Sites Seismographic Networks 
 
130    SCSN -  Southern California Seismographic Network 
 
  30    NCSN -  Northern California Seismographic Network 
 
  25    CSMIP -  California Strong Motion Instrumentation Program 
 
    4 (12)   CERI -  Center for Earthquake Research Institute (Central U.S.) 
 
189 (197) Total Sites 
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Types of Site 
Conditions 

Geophysical Techniques 

H/V 
Spectral 

Ratio 

P-Wave 
Seismic 

Refraction 

Active  
Surface Wave 

Passive 
Surface Wave 

SASW MASW 
Array 

Microtremor 
ReMi

™ 
Rock/Shallow Rock 
Sites • • • • 

    
Urban Soil Sites •     • • • 
Semi Urban Soil Sites •   • • • • 
Rural Soil Sites •   •       

ARRA: Geophysical Techniques 
Based on Site Conditions 
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ARRA: Proximity of Survey to SM Instruments 
Pre-survey Reports & Approvals 

RCT

119.24° W

119.24° W

119.245° W

119.245° W

36
.3

05
° 

N

36
.3

05
° 

N

SELECTED SEISMOGRAPHIC 
STRONG MOTION STATIONS

PREPARED FOR
UNITED STATES GEOLOGICAL SURVEY

File Name:  10115-RCT-I.MXD

Approved by:  A Martin

Drawn by: T Rodriguez

Developed by: A. Martin

Date:  7-15-10

GV Project:  10115

NOTES:
1.  WGS 1984 COORDINATE SYSTEM
2.  Image Source:  ESRI, i-cubed, USDA FSA,
ESRI, AEX, GeoEye, Getmapping, Aerogrid, IGP

Legend

Approximate Seismometer Location

Possible Surface Wave Testing Location(s) / Area

150m radius from station

300m radius from station p0 75 150 225

Meters

SITE MAP
AND POSSIBLE TEST LOCATION

STATION CI-RCT

RCT

119.24° W

119.24° W

119.245° W

119.245° W

119.25° W

119.25° W

36
.3

1°
 N

36
.3

1°
 N

36
.3

05
° 

N

36
.3

05
° 

N

36
.3

° 
N

36
.3

° 
N

SELECTED SEISMOGRAPHIC 
STRONG MOTION STATIONS

PREPARED FOR
UNITED STATES GEOLOGICAL SURVEY

File Name:  10115-RCT.MXD

Approved by:  A Martin

Drawn by: T Rodriguez

Developed by: A. Martin

Date:  7-29-10

GV Project:  10115

Legend

Approximate Seismometer Location

Possible Surface Wave Testing Location(s) / Area

150m radius from station

300m radius from station p0 150 300 450

Meters

SITE GEOLOGY
AND POSSIBLE TEST LOCATION

STATION CI-RCT

NOTES:
1.  WGS 1984 COORDINATE SYSTEM
2.  Geologic Map of California (Olaf P. Jenkins edition), Fresno Sheet
compiled by Robert A Matthews and John L. Burnett, 1965

Description of Geologic Map Units
Qf = Great Valley recent fan deposits

Yong et al. (2013; USGS OFR 2013-1102) 
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ARRA: Non-invasive Techniques 
CI.RCT (VS Model from Multi-technique Approach) 

Yong et al. (2013; USGS OFR 2013-1102) 
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HVSR amplitudes 
vary at low 
frequencies, but 
are consistent at 
~10 Hz 

ARRA: Non-invasive Techniques 
CI.RCT (VS Model from Multi-technique Approach) 

Yong et al. (2013; USGS OFR 2013-1102) 
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ARRA: Non-invasive Techniques 
CI.RCT (VS Model from Multi-technique Approach) 

Yong et al. (2013; USGS OFR 2013-1102) 
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ARRA: Non-invasive Techniques 
CE.13929 (VS Model from Multi-technique Approach) 

•  Shallow rock site according to P-wave 
seismic refraction model and high 
frequency HVSR peak (7.5 Hz). 

•  First site in the ARRA project where 
MASRW ineffective but MASLW 
effective.  

•  Complex Rayleigh wave 
propagation. 

•  Fundamental mode Love wave is 
very clear. 

Yong et al. (2013; USGS OFR 2013-1102); 
Martin et al. (2014; Proceedings of 10th NCEE Conf. 
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ARRA: Non-invasive Techniques 
CE.13929 (VS Model from Love Wave Dispersion Data) 

•  Multiple VS models developed to demonstrate 
non-uniqueness 

•  VS30 range: 555 to 568 m/s (not sensitive to 
non-uniqueness) 

•  VS model with shallower bedrock (black profile) 
is most consistent with P-wave seismic 
reflection model. 

Yong et al. (2013; USGS OFR 2013-1102); 
Martin et al. (2014; Proceedings of 10th NCEE Conf. 

SCEC 3D Site Effects Workshop5 May 2015 at SCEC Media Center, USC 



Summary/Remarks 
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Summary: 
 

•  USGS focus/efforts thus far has been about VS30, not so much about VS 
profiles as driven by GMPEs, ShakeMaps, etc. 

•  Non-invasive (surface-wave based) VS profiles can vary substantially 
(non-uniqueness in inversion) for a site, thus critical to site specific 
physics-based models.  Resultant site VS30, however, does not vary 
substantially, thus VS30 does not effect regional-scale applications, e.g., 
GMPEs. 

•  Invasive borehole techniques are too expen$ive/environmentally-
prohibitive and need a priori site info (sampling interval) to be effective. 

•  Non-invasive techniques are relatively inexpensive (field) and need a 
priori site info (constrain inversion), but requires expen$e (“brain 
power”- C. Cornou, 2015; pers. comm.) to process/analyze (inversion) 
records. 

•  Non-invasive multi-technique approaches can reduce uncertainty from 
dispersion pick phase, but more importantly, from inversion process by 
applying complementary techniques to help select best VS profiles. 

SCEC 3D Site Effects Workshop5 May 2015 at SCEC Media Center, USC 



ChallengesèFuture Work: 
 

•  Currently, there are no centralized VS profile 
database è use USGS VS30 compilation/
website as framework; USGS/PEER/COSMOS 
VS Profile Database Proto-Working Group to 
meet 27 May 2015. 

•  Currently, not all S. CA strong motions stations 
have VS profiles è characterize station site 
conditions (VS) using non-invasive robust multi-
techniques approach and non-station sites using 
less robust measured approaches (VR40, HVSR, 
etc.) calibrated against nearby station 
measurements. 
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End 

SCEC 3D Site Effects Workshop5 May 2015 at SCEC Media Center, USC 



Thank You 
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Discussions 
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