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The Site

Earthquake Data Shearwave VelocityAbstract
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Seismic interferometry, based on deconvolution of waveforms re-
corded at various borehole depths, is used to extract site properties 
including:

  1. Predominant site frequencies, 
  2. Shear wave velocity pro�le, 
  3. Site ampli�cation, 

of a densely instrumented borehole array at Delaney Park in Anchor-
age, Alaska. 

Waveforms used are from ten earthquakes having moment magni-
tude between 4.5 and 5.4 at epicentral distances of 11 to 162 km.  

These waveforms were recorded by surface and six borehole (up to 
61 m depth) three-component sensors. 

Deconvolution of the waveforms at various depths with respect to 
the  surface waveform provides upward (incident) and downward 
(re�ected) travelling waves within soil layers. 

 The travel times computed are agree rather well with the measure-
ments at the site; the deconvolution predicts wave travel times 
within 15% of the measurements. 

Instrumentation & Geology
Delaney Park (DPK) 
array consists of one 
surface and six 
borehole tri-axial 
accelerometers.

More than a dozen earthquakes with M4.5 and above have 
been recorded at DPK array since its deployment in 2003. 

Ten earthquakes with M between 4.5 and 5.4 were identi�ed 
for this study based on their proximity and records’ intensity. 

The 2012 M4.6 earthquake is the closest event with a peak sur-
face ground acceleration (PGA) of 1.8% g. 

The largest PGA of 3.1% g (see Figure 5) was recorded during 
the 2010 M4.7 event.

In 2003, USGS estab-
lished a seven-level 
downhole array of 
three-component ac-
celerometers at Del-
aney Park in down-
town Anchorage. 

The deepest down-
hole instrument is at 
a depth of 61 m. 

This array was in-
stalled to measure 
sediments response 
to ground shaking, 
and to provide input 
wave-�eld to the 
nearby 20-story steel 
building.

The geological section at the 
site consists of silty materials in-
cluding outwash, bootlegger 
cove foundation and till depos-
ited in a late Pleistocene glacio-
marine-glaciodeltaic environ-
ment (Ulery et al., 1983). 

The bootlegger cove founda-
tion (from 20-50 m) is a soft for-
mation thought to be respon-
sible for much of the liquefac-
tion damage during the 1964 
earthquake.

Wave-Deconvolution
The soil responses from six boreholes were deconvolved by the 
soil response measured at the surface. 

The deconvolved wave at surface is a bandpass-�ltered delta 
function, because any waveform deconvolved with itself, with 
white noise added, yields a delta function.  

The deconvolved waveforms at borehole-2 thru borehole-6 are 
superposition of upward and downward travelling waves for early 
times, while for later times, the waveforms are governed by site 
resonance that decays exponentially with time. 

The deconvolved waveforms demonstrate a wave state of the 
borehole array as if the motion at the surface was given by a delta 
function. 

For early times, this pulse travels downward in the soil column 
with a velocity equal to shear wave velocity of soil layers. At t = 0, 
the wave �eld is non-zero only at the surface. 

The deconvolved waves are acasual (no phase shift). 

Site Amplification

Soil Predominant Frequencies
The predominant frequency (f ) of the upper 61 m of the soil is de-
rived from estimated shear wave velocity (f=Vs/4H). The frequency 
obtained this way for di�erent earthquakes is compared in Table 
(right). 
 
For comparison, the predominant frequency of the soil is estimated 
directly from the Frequency Response Function (FRF) de�ned as the 
surface response compared to the input of the borehole-6. 

Figure (right) shows computed FRFs for ten events. For comparison, 
the �rst three frequencies in the FRF are listed in column 4 of Table.

The relative di�erence between the largest and lowest estimated 
predominant frequencies is 12%. The relative di�erences between 
the largest and lowest estimated second and the third frequencies 
are is 5.6% and 3.2%, respectively. 

Average value of site fundamental frequency (�rst mode) from ten 
earthquakes is 1.44 Hz. 

Average shear wave velocity of the upper 61 m of the soil is 
estimated from the shear wave velocities of the �ve indi-
vidual layers. 

Figure (left) shows the arrival time and travel distance of the 
upward and downward travelling waves. The negative values 
are due to the upward travelling waves, and the positive 
values are associated with downward travelling waves. 

A straight line is �tted to all data points to estimate an aver-
age shear wave velocity during each earthquake. The average 
shear wave velocities estimated from the ten earthquakes are 
practically identical with a maximum discrepancy of 1.7%. 

Because deconvolved waveforms are decoupled, site ampli�-
cation is computed directly by taking ratios of wave ampli-
tudes at surface and the deepest borehole. 

Figure (right) shows amplitudes of upward and downward de-
convolved waves; grey lines indicate wave amplitudes of indi-
vidual records, the mean values are denoted by dash lines. 0.02 0.04 0.06
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Event 
No. 

Average shear wave 
velocity (m/s) 

Derived 
frequency (Hz) 

First mode 
frequency (Hz) 

Second mode 
frequency (Hz) 

Third mode 
frequency (Hz) 

1 293 1.201 1.392 3.931 6.909 

2 293 1.201 1.440 4.028 6.958 

3 292 1.197 1.416 4.077 6.982 

4 294 1.205 1.489 4.004 6.934 

5 294 1.205 1.392 4.004 6.812 

6 294 1.205 1.465 4.053 6.982 

7 297 1.217 1.416 4.077 6.958 

8 295 1.209 1.416 4.126 6.836 

9 296 1.213 1.465 4.150 7.031 

10 295 1.209 1.563 4.126 6.934 
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2010 M4.9 earthquake at epicentral distance of 20.7 km
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Free-�eld surface 
station and downhole
array with six boreholes

(Fenced area houses 
DPK geotechnical array 
shown at photograph 
below)

Atwood Building
(instrumented by
33 accelerometers )

N

Event 
No.  

Date         
(y-m-d) 

Moment  
Magnitude 

Location                          
Latitude(°)  Longitude(°) 

Depth     
(km)    

Distance  
(km) 

PGA   
(cm/s2)   

1 2012-05-16 4.6 61.118 -149.926 61.7 10.8 17.66 

2 2011-06-16 5.1 60.765 -151.076 58.9 81.1 7.78 

3 2010-04-07 4.6 61.580 -149.652 35.3 42.7 3.62 

4 2010-07-08 4.8 61.805 -150.505 14.9 73.5 6.57 

5 2010-09-20 4.9 61.115 -150.219 45.4 20.7 30.53 

6 2009-06-22 5.4 61.939 -150.704 64.6 91.5 11.64 

7 2009-08-19 5.1 61.228 -150.858 66.4 51.7 5.44 

8 2006-07-27 4.7 61.155 -149.678 36.0 13.3 13.86 

9 2006-09-06 4.5 61.621 -149.930 40.7 45.4 2.94 

10 2013-03-13 5.4 62.559 -151.071 83.6 162.0 1.07 

 


