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Average S-wave velocity to 30 m depth
(AVs30m) and site class (IBC)

AVS30 =

Site class

m O O W

n i
-1 VSi

Soil profile name

Hard rock
Rock
Very dense soil and soft rock

Stiff soil profile
Soft soil profile

AVS30m is time average

d : thickness
Vs : S-wave velocity
n : number of layers

Soil shear wave velocity (Vs)
feet/sec m/sec
5000 < Vs 1500 < Vs

2500 < Vs <5000 760 < Vs < 1500
1200 < Vs < 2500 360 < Vs <760

600< Vs <1200 180 < Vs < 360
Vs < 600 Vs < 180



Slope based VS30 Map (USGS)
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Database of measured Vs30

USGS

https://earthquake.usgs.gov/data/vs30/us/
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AVS30 mapping at Napa Valley, CA
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Typical dispersion curves,
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AVS30 and H/V peak frequencies
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Depth (m)
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Depth to bedrock (Vs=760 m/s
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Small array : triangle 100 m
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Coherencies (small array)
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Coherencies (all arrays
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Coherencies (all arrays
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Phase velocity image in frequency domain
(Triangle 100 m)

Frequency (Hz)

8. Application examples

20



Phase velocity image in frequency domain
(Large ar




Phase velocity image in frequency domain
(Large array (2))
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Comparison of observed dispersion curves
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Comparison of observed and theoretical
dispersion curves

RMSE = 31.862818 m/sec

Phase velocity (m/s)

1600

1400

1200

1000

800

600

400

200

0.1

Frequency (Hz)

1 10

100

3 2000m mot 500m 200m.~ | 100m

40m 20m

10m

5m

Dispersion curve : Hollister-all_inverted_result_GA-2 with HYSR.rst

8. Application examples

24



Depth (m)

Velocity model
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Hurricane Katrina (2005
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Sites of Investigation
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Deep investigation (2016)

cgrsgiiew Orleans,
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Deep investigation (2016)
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2D Ambient Noise Tomography
with Linear Array

55 m (5 m spacing)
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London avenue cana
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London Avenue Canal
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Sand boil at London Avenue Canal
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17t Street Canal
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2D MAM : 17t street canal
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17t Street Canal
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17t Street Canal

Comparison of undrained shear strength (S)
empirically calculated from S-wave velocity (V)
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Shear failure at 17t Street Canal
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3D Bedrock Investigation at Singapore
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Investigation purposes

Granite Hills
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Acquisition geometry

One array

* In order to delineate depth to a
bedrock (Gll), ambient noise

tomography (3D passive surface wave

method) was carried out.

* |nvestigation areais 700 X 430 m.

e 70 sensors were deployed with 7 m
spacing.

* 133 arrays with overlap were measured

and total sensor location is
approximately 2300.

700 m
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500.00
400.00

Resultant 3D S-wave velocity model

330.00

280.00

o o o o o o
S &8 &8 & & &8 o o o
c 5 &6 6 o o © © & 3%
& © w & 6 o o o o
N N - v = = ® © ¥ 0
[TT T T ] E
(AT
i : It
(A
i __r J __-_"______“_______________._____ﬁ,.,#ﬂ
Pl ¥
g
:....-_+__.i_-—.’-#*
If
alaiiy
o
L
-______.-ﬂ._.____.— ......
i
)
o
N
Ly
b %fﬁﬁ._.#
A
_____,_-______.____.._‘___._:__w_._____..ﬁ..ﬁ
AR
A O
AR
LA

: ﬁ: ﬂiﬁ ith..hnhhhh
s
b AR B b
ﬁm___*....-... i ﬁ..ﬁ?;ﬂﬂ-\ ﬁﬁfﬁh&ﬁh
o
iR it AR

!

¥

o

L ) L
ﬁ___..___ q__w___ﬂ___. .._.4_____...___ 4 r____w.___

i
i

L)
My
.+ +...
i
L

! RALY
)y
bl

T
AT
L

i

h
i
AL

L

Sy
il
i

F
ﬁ___* ‘_____ﬁ.__h...\nh&m

¥
....—_ :E.hhh-_-nhh

$

75m



Examples of CMP-SPAC and phase velocity image
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Examples of CMP-SPAC and phase velocity image
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S-wave velocity

S-wave velocity cross sections and plan view
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37 borehole at the site

430 m

700 m
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S-wave velocity at Gll confirmed by boring
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Depth to bedrock (Gl
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Comparison of bedrock (Gll) depth estimated
by ambient noise tomography and boring
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Bedrock (Gll) elevation

430 m

8. Application examples
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urface and bedrock topograph surface levation
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3D Active fault investigation at Beijing, China




3D ctle fault mvestltlon at Beijing, China
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Acquisition geometry of ambient noise method

4426000

. 5[] arse measurement

- Dense measurement
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4425400 Total number of receiver locations are 1835 in the
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Coherencies and phase velocity images in frequency domain
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Phase velocity (m/s)

Dispersion curves and S-wave velocity models
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Active fault investigation at Beijing , China
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Comparison with reflection method

Xiadian Active Fault

South B HON North
= ALl <
g | e W i 100 3
e
5 100 *“““))',')}',D}W)))))}}})}}i’,’,f3’..’.’?.’.’!,5 JTieca 200
o ) - —
3 u;uung; opmm——— at{ztii,»,,m....... z

L (>55&>S§»»>»!I!!}ﬂ?m l»;mum ) ’ | Seismi 300
i > l

s S-wave velocity
800

720
640
260

480
400

Ambient noise method 320

—_— 240

700

0 30 60 80 120 150 180 210 240 2¥y0 300 330 360 390 420 450 480 510 540 570 600 630 160

Distance (m)
8. Application examples 62



63

120
110
100
90
80
70

Depth to bedrock

)

8. Application examples

.‘Z
o“..:\% R

P
St

Rt

A

Depth to bedrock (Vs = 550 m/s



8. Application examples

* AVS30

* 1D deep investigation

* 2D levee investigation at New Orleans

* 3D bedrock Investigation at Singapore

* 3D active fault investigation at Beijing, China
* 3C measurements and processing

* Conclusions



Outline of three-component (3C)
measurement and processing

3C measurement 3C ambient noise data 3C spatial autocorrelation Rayleigh and Love wave S-wave velocity
dispersion curves model
X(EW)
Z(UD) .
Love
Y(NS) Y(NS)
2(uo) I )
X(EW) /\/\/\/\/\/\ - Vertical ' Rayleigh
- Vertical component provides Vertical component SPAC '
3C measurement provides . provides a Rayleigh dispersion  Joint inversion of
3C ambient noise data. vertical component SPAC.

curve. Horizontal components  Rayleigh and Love

(radial and transverse) provide a  dispersion curves

Love dispersion curve using provide an S-wave
Rayleigh dispersion curve. velocity model.

Horizontal components (X
and Y) provide radial and
transverse component SPACs.
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3C ambient noise measurements for SPAC

L-shaped array (L3)

Triangular array (T4)
)

-

Arrange the orientation of all sensors to be the same direction
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Calculate Rayleigh and Love phase velocity images

Ryleigh wave phase velocity images.
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Comparison of observed and theoretical dispersion
curves (Higher modes)

RMSE = 32.554294 m/sec
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Conclusions

* We need to use S-wave velocity (Vs) at urban area from geo-technical point of
view

 Conventional seismic refraction method does not work at lowland and we need
to use surface wave methods

e Seismic ambient noise is quite efficient to delineate depth from several meters to
several kilo-meters

* Ambient noise tomography was utilized to delineate 2D/3D near-surface Vs
structures.

 CMP-SPAC method was used to calculate dispersion curves from spatially
unaliased ambient noise data obtained from relatively dense receiver arrays.

* Numerical and field examples demonstrated that the methods can be used to
simply and quickly estimate 2D/3D Vs structures to a depth greater than 100 m.
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