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Huntley Bowl Park Passive MASW Investigation 


Date: 22 May, 2009             OGS File Number: 340499000524 


Survey Type: Passive Remote Multichannel Analysis of Surface Waves (MASW). 
Survey Crew: Glenn Larsen, Erik Venteris, and Doug Shrake. 


County: Franklin Township: Sharon  USGS 7½’ Quadrangle: NW and NE Columbus 
Latitude: N 40° 13’ 56.47” Longitude: W 82° 59’ 59.696”       Reference Datum: NAD83 
Ohio State Plane, X: 2,108,596.31 ft.          Y: 121,847.47 ft.          Zone: North 
Line Direction: Circle, clockwise 
Note: Geophone 1 located at north end of circle. 


Purpose: This passive remote MASW survey was done acquire a 1-D vertical shear-wave profile 
at the same location of a geotechnical boring drilled for a subsurface investigation for a new radio 
tower. The MASW data was acquired to compare shear-wave velocities to lithologies and blow 
counts (N-values) from the geotechnical boring. Also, the MASW data will provide site class 
assessment and spectral accelerations at this location. 


Existing Site Conditions: The passive remote MASW survey was located at the north end of the 
parking lot in the Huntley Park Bowl managed by the Worthington Parks and Recreation 
Department. At the time of the survey the borehole was still open west of the northwest corner of 
a small wooden shed. Location coordinates were determined using a Trimble GPS Pathfinder 
System. According the geotechnical report of the borehole the elevation of the site is around 910 
feet above mean sea level. 


Geologic Overview: The area of investigation lies within the Columbus lowland Region in the Till 
Plains Section of the Central Lowlands Physiographic Province (Brockman, 1998). Geology of the 
site is 19 feet of Wisconsinan till over the Ohio Shale bedrock. 


Seismic Refraction Survey: The passive remote MASW survey was laid out in a circular array 
of 24 geophones centered over the borehole (figure 2).  The diameter of the circular array was 30 
feet, which approximately corresponds to the maximum depth of investigation.  Geophone 1 was 
located on the northern end of the circle the other geophones were laid out in a clockwise 
direction with a geophones interval of about 4.5 feet.  Seismic energy for the passive remote 
MASW shot gathers were generated by a 12-pound sledgehammer striking a hardened aluminum 
plate.  Multiple shot gathers were acquired at random locations approximately 100 feet south of 
the array.  Each shot gather was created by recording multiple impacts over a 32 second period.  
The digitally recorded data were stored in the SEG-2 format. 


Data Analysis and Results: The passive remote MASW data was processed using Kansas 
Geological Survey’s SurfSeis software.  The resulting dispersion curve from the data is shown in 
figure 3.  The lowest analyzable frequency in this dispersion curve is around 25 Hz and highest 
frequency is 79 Hz.  The dispersion curve has very high signal to noise ratio of 0.80 to 1.0 from 
25 to 65 Hz and drops off to 0.5 from 65-79 Hz.  The one dimensional shear wave velocity profile, 
in figure 4, was calculated from the dispersion curve using an iterative inversion process. 


The passive remote MASW shear-wave velocity profile generated for this study was compared to 
the lithology and N-values (blow counts) from geotechnical boring B-1 (figure 4).  Changes in 
velocity on the profile closely correspond to changes in lithology and N-values identified from t 
boring B-1.  The Bedrock was predicted to be 22 feet deep, which was 3 feet off from a depth of 
19 feet determined by geotechnical boring 1.  The profile also shows an overall monotonic 
increase in velocity (step-wise and incrementally) of the till with increasing depth of burial. 







Site Class Assessment and Spectral Accelerations: This site fits the Site Class C definition, 
as defined by the Building Seismic Safety Council, (2004).  The site class is based upon the 
average shear-wave velocity of the upper 100 feet of the soil profile measured from the passive 
remote MASW data. 
 


Seismic Design Parameters 
 


Site Classification and Parameter Value 
1,887 ft/s Average Shear Wave Velocity (from MASW 


data) 575 m/s 
Site Classification C 
Amplification Rating Low 
0.2 sec. Spectral Response Acceleration, Ss 0.149 
1.0 sec. Spectral Response Acceleration, S1 0.058 
Site Coefficient, Fa 1.20 
Site Coefficient, Fv 1.70 
Maximum Considered Earthquake Spectral 
Response Acceleration (0.2 sec), SMS 0.179 


Maximum Considered Earthquake Spectral 
Response Acceleration (1 sec.), SM1 


0.099 


5% Damped Design Spectral Response 
Acceleration (0.2 sec.), SDS 0.119 


5% Damped Design Spectral Response 
Acceleration (1 sec.), SD1 


0.066 


 
Ground motion parameters were calculated using the USGS Earthquake Ground 
Motion Parameter Calculator - Version 5.0.9 
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Figure 1. Location of passive remote MASW survey 340499000524 Worthington, Ohio. 







 
 


Figure2. The illustration above shows the line geometry used for passive remote MASW data 
acquisition.  The array was set up to place the location of test boring B-1 at the center point. 
Black dots are geophone locations. 







 
Figure 3. Dispersion curve obtained from passive remote MASW. 


 
 







 
 
Figure 4. Comparison of the lithologies and blow counts from geotechnical boring B-1 at Huntley 
Bowl Park to the 1-D shear-wave velocity profile obtained from the passive remote MASW data.  
The shear-wave velocity profile was constructed using Kansas Geological Survey SurfSeis 
software.  The shear wave velocities were calculated assuming Poisson’s Ratio = 0.4 and a soil 
density of 2.0 g/cm3. 
 







APPENDIX A 
 


Acquisition and Modeling Data 
 







Survey Type Passive MASW
Recording System Geometrics Geode
Survey purpose 1-D VS profiling
Data Format SEG-2 converted to KGS format
Acquisition 24 channel
Source 12 lb sledgehammer, aluminum plate
Geophones 4.5 Hz vertical
Geophone Array Circle, clockwise, geophone 1 north position
Line length 30 ft. diameter
Geophone spacing  4.5 feet
Source Offset Remote, approx. 100 ft
Sampling Interval 2.000 msec
Record Length 32.000 sec
Preamp Gains All geophones 36 dB
Filters None


Data Acquisition Parameters







Vs (ft/s) Vs (m/s) Vp  (ft/s) Vp  (m/s)
0.83 702 214 1720 524 2.00 92
1.88 727 222 1782 543 2.00 98
3.18 811 247 1987 606 2.00 122
4.81 321 98 785 239 2.00 19
6.85 628 191 1537 469 2.00 73
9.40 965 294 2365 721 2.00 173
12.58 1253 382 3070 936 2.00 292
16.00 1484 452 3634 1108 2.00 409
21.53 1695 517 4152 1266 2.00 534


100.00 2642 805 6471 1972 2.00 1297


SurfSeis software assumes soil density of 2.00 g/cm3


To convert grams per cubic centimeters (g/cm3) to pounds per cubic foot 
(pcf) multiply by 62.42796


Inverted
S-wave Velocity


Estimated
P-wave Velocity


Dynamic properties of soil layers with depth


To convert giga pascals (MPa) to tons per square foot (TSF) multiply by 
10.440


Density
(g/cm3)


Shear
Modulus


(MPa)
Depth (ft)







Thick (ft)
Vs (ft/s)


0.83
1.88
3.18
4.81
6.85
9.40
12.58
16.00
21.53


100.00


100 ∑T/Vs =


0.029701


0.001603
0.005078


0.001182
0.001444


ft/s


0.053004


0.003248


m/s


0.002642
0.002538
0.002305
0.003263


1887=


965
1253
1484


702
727
811
321


1.30
1.63
2.04 628


1695
2642


Remote Passive MASW


0.83
1.05


Depth (ft) Thick (ft) Vs (ft/s)


2.55
3.18
3.42
5.53


78.47


30
∑T/Vs


= C


Vs30= 575=


NEHRP Site
Classification


Total Thick =


Vs100 = ∑T/Vs
100







A Hard rock > 5,000 > 1,500 Nil
B Firm to hard rock 2500 - 5,000 760 - 1,500 Very low
C Dense soil and soft rock 1200 - 2,500 360 - 760 Low
D Stiff soil 600 - 1,200 180 - 360 Moderate
E Soft soil < 600 < 180 High
F Peat or highly organic clay Very high


Monahan, P.A., Levson, V.M., Henderson, P., and Sy, A., 2000, Relative Amplification of Ground
Motion Hazard Map of Greater Victoria: British Columbia Geological Survey, Ministry of
Energy and Mines, Geoscience Map 2000-3a and 3b, Report and Expanded Legend, 25 p.


for new buildings and other structures, 1997 edition, Part 1: Provisions: (FEMA 550), 338 p.


Klohn-Crippen Consultants Ltd., 1994, Preliminary seismic microzonation assessment for British
Columbia: Prepared for Resources Inventory Committee, Earth Sciences Task Force, 109
pages. 


NEHRP Soil Hazard  Classification


The 2003 National Earthquake Hazards Reduction Program (NEHRP) soil-classification to determine
the potential for shallow soils to amplify ground motion is based on an averaged shear-wave velocity to
a depth of 100 feet (Vs100), or 30 meters (Vs30). This classification is then used to calculate the
amplification factors for use in engineering design.


Shear-wave 
Velocity (ft/s)


Shear-wave 
Velocity (m/s)


Soil 
Class Soil Description


Special soils requiring site specific 
evaluation


 ∑(di / Vsi)      and Vsi = s-wave velocity of layer i.


Building Seismic Safety Council, 2004, NEHRP recommended provisions for seismic regulations


Susceptibility to 
Amplification Rating


      30 m   
 ∑(di / Vsi)     


Vs30 =


     100 ft        where di = depth of layer i,


According to NEHERP guidelines the averaged shear-wave velocity can be calculated by:


Vs100 =







Ohio Department of Natural Resources
Division of Geological Survey


Seismic Investigations


Explanation of Contents
The reports, analyses, documents, and data in this document were compiled as part of seismic investigations 
done in the state of Ohio by the Ohio Department of Natural Resources (ODNR), Division of Geological 
Survey. The seismic investigations measured compressional-wave (P-wave) and shear-wave (S-wave) 
velocities and surface wave phase velocities to produce depth models characterizing the subsurface 
geology of the buried bedrock surface and the overlying sediments. The data collected were also used to 
determine the in situ elastic and seismic properties of soils and bedrock.


The fi le numbering scheme used for these investigations follow an API code format:


File 341419000724
34 = API state code (Ohio in this example)


141 = API county code (Ross County in this example)
9 = blank


0007 = code for survey number (survey no. 7 in this example)
24 = code for refraction and MASW surveys


History
The seismic equipment was purchased in 2001 by the ODNR Division of Geological Survey, Geologic 
Mapping Group with grant monies from Central Great Lakes Geologic Mapping Coalition (CGLGMC). This 
equipment provides a rapid and inexpensive means of determining the depth to bedrock and characterizing 
the stratigraphy of surfi cial materials in geologically complex areas. The equipment is portable, can be used 
in a wide range of situations, requires no dedicated vehicle, and can be used with minimal personnel and 
travel expense. The ODNR Division of Geological Survey started using the seismic system July 2002


Data Set Credit
The seismic data was acquired for the Statewide Surfi cial Mapping Project, funded by STATEMAP Geologic 
Mapping Program, Central Great Lakes Geologic Mapping Coalition (CGLGMC), and Ohio Seismic Network 
(OhioSeis).


Use Constraints
This product of the ODNR Division of Geological Survey is intended to provide general geologic information 
only and should not be used for any other purpose. It is not intended for resale or to replace site-specifi c 
investigations. These data were compiled by the ODNR Division of Geological Survey, which reserves the 
publication rights to this material. If these data are used in the compilation of other data sets or maps for 
distribution or publication, this source must be referenced.


The information contained herein may be updated or edited in the future. Future releases of this material, 
if altered, will display a revision date. Users should check to ensure they have the latest version and 
reference the appropriate revision date if it is being used in other works. 


Neither the Ohio Department of Natural Resources, nor any agency thereof, nor any of their employees, 
contractors, or subcontractors, make any warranty, express or implied, nor assume any legal liability or 
responsibility for the accuracy, completeness, or usefulness of this product. Any use thereof for a purpose 
other than for which said information or product was intended shall be solely at the risk of the user.
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