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Some Garage Seismology

— #1: data uploading & processing — #2: velocity spectrum, modelling & picking (MASW, ESAC & ReMi analyses) visualize curves —
dataset: THF, FAspectrum.mat MASW: compute velocity spectrum — handling the spectra — input curve ?
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Some Garage Seismology

= #2: velocity spectrum, modelling & picking (MA SV, ESAC & ReMi yses) visualize curves —
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It's not what you look at that matters, it's what you see.

Henry David Thoreau
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» Two R&D lines

ELIOSOFRT

geophysical software and services

Classical (improved) methodologies

Unconventional (particularly effective) methodologies


http://www.winmasw.com/

method/dataset A

method/dataset B

What could be these methods/datasets/components?
[Elsevier pdf]




Waves and nomenclature
(file names and multi-component data)

ZVF-ZEX
RVF-REX
THF

See Flaccovio and Elsevier books






SURFACE WAVE ANALYSIS
FOR NEAR SURFACE
APPLICATIONS

Giancarlo Dal Moro

Surface Wave Analysis for Near Surface Applications presents the foundational tools
and techniques necessary to properly analyze surface-wave propagation nowadays
performed for a number of applications.

In the last decades, surface-wave analysis has in fact become critical to near-surface
geophysics both for geotechnical goals, seismic-hazard assessment, and environmental
studies. This book presents both the theoretical background and the applications which
the author has assembled while considering different possible approaches selected
from the latest developments in research, with a special emphasis of the joint analysis
of the different components that can be conveniently considered

The book aims at building a bridge between academic research and field practice and at
illustrating a number of possible pitfalls often made while analyzing surface waves also
suggesting the way to overcome them via joint analyses.
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Authored by a geophysicist with nearly 20 years of experience in research, consulting,

and geophysical software development.

« Nearly 100 figures, photographs, and examples aid in the understanding
of fundamental concepts and techniques
Presents the latest research in surface wave analysis while considering
both active and passive techniques (MASW, MFA, ESAC, ReMi, HVSR etc.)
and different inversion strategies.
A number of real world case studies — 14 in all — bring the book’s key
principles to life

A unique blend of theory and practice, the book’s concepts are based on exhaustive field
research conducted over the past decades

BN 978-0-12-8(

1S 00770-9
ELSEVIER store.elsevier.com 91780128"0077¢

See paragraph:

SURFACE WAVE ANALYSIS
FOR NEAR SURFACE
APPLICATIONS

Giancarlo Dal Moro

A
ELSEVIER

“2.2.1 Multichannel Acquisition (MASW)”
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SURFACE WAVE ANALYSIS
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APPLICATIONS

Giancarlo Dal Moro

aphs: “2.3 PASSIVE METHODOLOGIES” and “3.3 ABOUT PASSIVE METHODS”
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Done live during the lecture
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geophysical software and services

R

T
o the lake]
e AR L

-"'1‘; . » -
oy e
e o S
L - -
¥ ¥
\,"“ ”;ﬂ' ¥ Reay
Al

e Tk




Vierwaldstattersee survey
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ADAM-2D
Apparent-Dispersion Analysis of Multicomponent Data — 2D

#

ELIOSOFT

geophysical software and services




ADAM-2D
Apparent-Dispersion Analysis of Multicomponent Data — 2D

Qatar survey Automatic upload and pre-processing of the data
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ADAM-2D
Apparent-Dispersion Analysis of Multicomponent Data — 2D

Automatic computation of velocity spectra and apparent

atar surve ) ) )
Q y dispersion curves for multi-component data
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ADAM-2D

V section and topography
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Oberflichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche

L. Keller”, G. Dal Moro?, C. Lacave’

(') roXplore gmbh, seismic service provider, Amlikon (Switzerland)
“e-mail: lorenz@roxplore.ch

(*) Institute of Rock Structure and Mechanics, Academy of Sciences of the Czech Republic, Prague (Czech
Republic)

(*) Résonance Ingénieurs-Conseils SA, dynamic engineering, Carouge (Switzerland)




Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche

The “ordinary” multi-channel approach

1. input Rayleigh ...

Rayleigh component —
startLORIpaper.mod
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Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche

The “ordinary” multi-channel approach
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The more you know,
the less you need.

Yvon Chouinard



Oberflichengebundene Bestimmung eines robusten Vs

Modells als Eingangsparameter zu

bodendynamischen Berechnungen an einer historischen Klosterkirche
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Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche
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Modal and effective dispersion curves:
problems and solutions

From (11) and (12), the relative powers of the vertical and horizontal

motions of mth mode can be expressed as A}.c,, and (A, [u/w],,)?c

Ire-

no

spectively. Hence, by knowing A,,, c,,, and [u/w],, of each mode for a
frequency f, the apparent phase velocities of vertical and horizontal motions
for a given sensor distance can be determined as
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Oberflichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche



Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche
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Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche
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Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche

HS
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“MASW”
Downhole

P-wave refraction

Phase Velocity (m/sec)

MASW 1 -

Risano sottopasso ferroviario
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Phase Velocity (m/sec)

r0.40

r0.20

Py

1. input Rayleigh data

[

dataset: zvf mat

Dies ist nicht der Fundamentalmodus!

R sampling: 1ms [1000Hz] - 651 samples
e e minimum offset § m
o1E - = Ty 7 oeophone spacing 5m
Sl
nzb - 7
£
£ 2
= 3
04 4 @
£
06 Bl [ pickr
[ 10 0 30 40 50 60 0 25
affset () frequency (Hz)
2. input Love data
[t} T
dataset: thf mat
sampling: 1ms [1000Hz] - 651 samples
minimum offset & m
0.1 - geophone spacing: 5m
0z select data. =
£
203 1 z
- =
e :
04 ] i
save spectrum =
05 E upload spectrum
input curve
06 | — picking—
L
0 10 0 El] an 0 60 70 25 30
offeet (m) frequency (Hz)

(N/S) otey esioN-0)-leubis




Phase Velocity (m/sec)

r040

r0.20

30
Frequency (Hz)

tirne (g)

a0
offset m)

dataset nimat

sampling: 1ms [1000Hg] - 651 samples
minimumm offget 5 m

geophone spacing: 5 m

phase velocity (m/s)

upload spectrum

Rayleigh -

0 25 0
frequency (Hz)

tirne (s}

30
offset (m)

datasetl: thfmat

sampling: 1ms [1000HZ) - 651 samples
minimurm affset 5 m

geophane spacing: 5 m

save spectrum
upload spectrum
input curve

phage velocity (m/s)

picking—.

200

frequency (Hz)

(N/S) oney esioN-ol-leubls




Modal and effective dispersion

problems and solutions

Our joint FVS solution

Curves.

1. input Rayleigh data

yleigh component —

start.mod

0

depth (m)

o T
dataset o mat
R el sampling: 1ms [1000Hz] - 651 samples 1400
arl e _"' | minimum oftset: & m
e B 4..!-_# geophone spacing: 5 m 1m0
_"a fiip data | cut| spectrogram
ozt B —
select data -
£ 1000
activate -
@03 1| seeet || &0 E
2 T 500
E cancel save ;
nal B H
mode separation = 500
save spectrum
05 e upload spectrum
400
input curve
06 - B ———————— picking—
. auto pick | |select v 200
[ 10 20 E 40 50 &0 0 5 10 15 20 25 El
ottset (m) save cancel frequency (Hz)
2. input Love data startrmod
d i dataset: thf.mat
— ] sampling: 1ms [1000HZ] - 651 samples 1400
-,—’ minimum offget & m
ol e — "‘x#_: = 1 weophone spacing: 5 m
] - 3 -' flip data | | cut | | spectrogram 1200
02f 3 3 1 — select data I
._ £
activate E, 1000
— =
w03t g select save £
s
E cancel ™ oam
04k - mode separation E
save spectrum = g0
05l B upload spectrum
input curve 400
06F i picking—
’ ) select mode v om0
0 10 20 30 a0 a0 50 70 5 10 15 20 25 a0 35 a0 15
offset [m) save o) frequency (Hz)




About modes (and refraction)

Dies ist nicht ein einziger Modus!

1. input Rayleigh data

start.mod

. = -——_...= i 5 5 dataset zvi.mat iay!ei_gh IJ_isp_ersi_on-
;—-1-*4”3 = —.i-=._i-_-:_i.=-_-i_-___; sarnpling: 1ms [1000Hz] - 651 samples 1400 Vsu (m/s): 70 140 420 470 630 600 670 624 700 700 1600; Vs30: 5 I
1 e —— El | m'”'mh“m offset & ms Lthickness (m):04 0.5 0.8 1.0 3.0 50 8.0 9.0 12.0 1504
; —— - eophone spacing: 5 m L e e B e
= . / -:r geop pacing 1200 | Poisson: 0.34 0.34 0.39 0.31 0.35 0.31 0.28 0.29 0.29 0.25 0.20
% = iy ok iscectmony Vp (misk: 141 285 976 8941315 1143 1215 1141 1280 1215 2623
02 = B _
select data g
£ 1000
" activate -
- ol =
Z 03 L 1) | select 80 g
g T 300
E " =
E cancel save o
04 = . g
mode separation =
save spectrum 600
0.5 - upload spectrum
) 400
input curve
0.6 m ———————— picking—
1 auto pick | |select... 200
0 10 20 30 40 50 60 70 5 10 15 20 25 30 35 40 45
offset (m) save cancel frequenc:y (HZ)
Love component —;
2. input Love data startrod
0 T . '} o  m—
dataset th.mat Vsh (mis): 70 140 420 470 630 600 670 624 700 700 1600; Vs30: 555
sampling: 1ms [1000Hz] - 651 samples 1400 |ammy +
minirnurn offset: 5 m thickness (mp:01 0.5 0.9 1.0 3.0 50 80 9.0 12.0 150.0
0.1 - geophone spacing: 5 m
flip data cut spectrogram 1200
0.2 select data o
activate E, 1000
—_— ==
o 03 - select save =
@ =
[ cancel o 8O0
= =
i)
0.4 - mode separation R i AR R R R R R £ S = S
=
save spectrum = B00 %
0s B upload spectrum
input curve 400
icking—
06 . pieeing
select mode W
i 200 i
o 10 0 30 40 &0 &0 7 - | 5 10 15 20 25 30 35 40 45
offset () cance frequency (Hz)
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A circle, aline: they look good, they are abstract, they are common
knowledge. They belong to everyone and equally to the past, the present

What’s in common? and the future.

Richard Long
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Noise

Two volunteers, please
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G3
MAAM + HVSR joint acquisition HS

G1 G2

® 2Hz vertical geophone
G4 @ 3-component geophone (for HVSR and MAAM)

G5 G3

G3

G1 G2



HoliSurface® —




® 4.5Hz vertical geophone
® 2Hz 3-component geophone (for HVSR, ESAC and MAAM)

ESAC + HVSR joint acquisition channel/trace#1
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®
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HoliSurface®

[[] resample to 4ms (250Hz)

e tools
data —— phase velocity spectrum —— pre-processing tools
radius (m): |2.887 - ®
(m) save geometry | show location mintreq [ 4] maxtreq. [14 HoliSurface TCEMCD
number of channels: |3 v [Jn-CCA | snowdata || spectrogram
showJupdate channel map. clean data PSD min vel | 40 max vel. | 800

folder: C:\isers\gdmiDesklopidati interessarti o da URGESSMORIGHT_CC:
deteset singlechannels mat 59 | window length ()

sampling: 2 ms [Nyguist frequency: 250Hz] 25% % spectral smeothing

40 v | tolerance

sms v velocty increment

[ hoid on
noise computation
[ verbose

compute 800

No central'geophone

picking

700
effective dispersion curve—
start picking || save picking
0 sslect e st peint
‘ ik the right button 500
w
. Amplitude Spectra . Amplitude Spectra (selected segments) T £ o
10 -
&
=3
L
o 400
ES
o
—— HVSR computation g
=
«quick HVSR 5 300
200
100
3 8 10 12 3 8 10 12 5 3 7 [] 9 10 1 12 13
frequency (Hz) frequency (Hz) frequency (Hz)

clear save spectrum analyze the saved spectrum

A circle, a line: they look good, they are abstract, they are common knowledge.
They belong to everyone and equally to the past, the present and the future.
Richard Long



HoliSurface®

Scavo 2 — (corrispondente H/V2)

0-45/50 terreno agrario

45/50-270 limo da debolmente sabbioso a sabbioso
270-370 sabbia fine limosa

370-410 ghiaia e ciottoli in scarsa matrice limosa

BN 3 NN 5T T

phase velocity (m/s)

Scavo 3 — (corrispondente H/V3)

0-40/45 terreno agrario

40/45-110 limo da debolmente sabbioso a sabbioso
110-180 ghiaia e ciottoli in matrice limosa

180-300 ghiaia sabbia con ciottoli

e [AAM adlius0.63-v2.cdp
e MAAM adius0.685-v3.cdp

1
10 15 20 25 30 35 40 45 50 55

frequency (Hz)

Comparing the effective dispersion curves at site#2 and #3



HoliSurface®

A “noisy”

desperate case

data & spectral ratio —

general settings —

0 select dat; HVSR, earranged.iv
activate a8 r r
®w [INAS select 60
cancel save
U 02k
remove data
g =09 o
o sho i0catio
£ o
: S04k g
m T : :
a4 05k . . ? ............................ 4
= Frequency of this background noise component:
o (1] TR } . : ) _
I 07
tools
’7 0.7 time length to visualize (sec) dong cut filter \ecimate frequency (Hz)
group-velocity spectra (vertical & radial components) —
Rayleigh waves (radial)
340 : : : . . . . . MAAM 800
990 load MAAK DC
eff phase vel 700
300 B
—_ Ys30: 246 mis . GO0
2280+ o
£ £ 500
& 2601
[}
h=) i=)
2 20t 2
& 3
£ 20¢ £ 300
200+ 200
180}
100
160 L .
4 ] G g 9 10 " 12 ] 10 15 20 25 30 35 40
=save vertical spectrum frequen:y (HZ) save Love-wave frequen:y (HZ) =ave radial spectrum
dataset: 01 ZVF‘Dm\f SAF -
offset 40m Rayleigh waves: group-velocty spectra group-velocity spectra Love waves: group-velocity spectrum report
sampiing: 1 ms upload spectrum D just THF

?
0| reference depth =
[ refraction
[[] HVSR from body waves
0.3 | alfa factor (W)

Ve ) thi
(misy @ Feisson @p (m)
127 12 0.36 12 || 0.4
165 12 110328 || 12 || 0.4
165 15 033 |19 || 2
1588 19 033 || 19 || 3.9
298 22| 03308 14 3
27 19 04326 19 || 24
180 24 0.44 | 24 || 58
414 47 0.48 42 6
455 20 0.484 || 20 ||6.75
296 | 45 || 0326 || 45 || 33
484 85 || 0282 || a5 || 133

1100 || 184 || 0.249 | 184
model——————————————
’7 upload save
reference freq. (Hzk | 396
k factor: 2 apply
number of modes: 3
Rayleigh-wave source.  |yF w
detail:  reasonable W
[[] verbose
Velocity Spectra W
refrezh calculateé
2C inversion 1C inversion

Joint disp+HV
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HoliSurface®

What’s in common?

Calibrated and triggered geophone

vertical Vﬂ profile

2ZVF
0
a) c) observed (background)
%., best model (overlapped)
1 :
3 s00
2
g‘ 200
2 — —
" B p— o €— 140 m/s
_'E: 20 30 40 50
£ frequency (Hz)
a
B RVF
3 d) swo
4
*E"~’400 best model (overlapped)
=
g
5 g
£
:Eh J—— -
i e 4—140m/s
50 100 v 1(5’:[ . 200 250 30 40 50
A frequency (Hz)

| —— observed
R best mode!

RVSR (%)

10

. 10
radial component (%) 0 vertical component (%)

5 10 15 20
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HoliSurface® _";f_

MAAM (Miniature Array Analysis of Microtremors)

G3
MAAM + HVSR joint acquisition
G1 G2
® 2Hz vertical geophone
G4 @ 3-component geophone (for HVSR and MAAM)




HoliSurface® HS

Preliminary equipment test

N+1 identical geophones (2 or 4.5Hz?)

radius/radii

Tolerance & smoothing

window length

data cleaning
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MAAM Comparing MASW-ZVF 1. Purgessimo

resample to 4ms (250Hz)
data

pre-processing tools -
TCEMCD

—— phase velocity spectrum ——

radius (m): | 2.88 show location min freq. | 2.5 max freq. | 12 HOI"S u’-mc e®

concatenate HVSR

number of channels: |4 | |+ nc-CCA show data spectrogram minvel | 90 max vel | 700
show/update channel map clean data PSD Amplitude Spectra
Folder: C:W=ersigdmiDesktopidati_da_analizzare PURGESSIMO-MAAMRIGHT _CCAWNly4YERTICALY —————— parameters
Datazet: singlechannelsmaam-1Sm-clean mat 8 window length (s)
Recording time: 13.75 min
Sampling: 4 ms [Myquist frequency: 125Hz] 10% w Spectral smoothing

50% | tapering (%)
10 v folerance No noise computationfcompensation

sms w | velocly increment

hold on
I:‘ noise computation
[ verbose velocity spectrum (MASW ZVFspectrum24)

700
central TR=last | Compute

L =4.99m

7
dupper limit (44A)
Central geophone s

picking 500
effective dispersion curve——

start picking save picking

1o select the last point
click the right button

i)
f]
[=]

Noise-to-Signal Ratio

T T T T T T T T T cancel picking

phase welocity (mfs)
bl
o

[}
]
[=]

200

100

_--------‘----_
3 4 5 & 7 [OWETEAR] 10 11 12
frequency (Hz)

upload velocity spectrum upload dizpersion curve

intermediate (3 933

clear save dispersion curve upload (multiple) dispersion curves analyze the data

3 4 5 6 7 8 9 10 1
frequency (Hz)




MAAM Comparing ESAC

Equipment quality (N/S ratio)

reszample to 4ms (250Hz)
data

radius (mj: 05 show location

number of channels: |4 » | |« nc-CCA show data spectrogram

show/update channel map |

" Folder: C:WUsers'gdmDesktopdati_da_analizzareMuscoli-Cimteraida At adiusS0cmi,
Dataset: MAAM-data-clzan mat
Recording time: 14.43 min
Sampling: 4 g [Myguist frequency: 125Hz]

clean data PSD Amplitude Spectra

L =0.866m
Central geophone

—— phase velocity spectrum ——

min freg 3 max freq. | 33
min vel. | 100 max vel. | 700
parameters
g window length (s)

15% » | spectral smoothing
50% v tapering (%)

5 tolerance

<

smis v | veloclyincrement

hold on

noise computation

I:‘ verbose

central TR=last 00||1P|"e|

picking
effective dispersion curve—|

start picking save picking

to select the last point
click the right button

cancel picking

6. Muscoli

Two radii (2 and 0.5m)

pre-processing tools -

Ho Iis u’-m ce® cunct:tZE:tZE}.-IVSR

Noise [epsilon) computed [dispersion compensated]

velocity spectrum (ESACpsvelspe)

phase velocity (m/fs)

5 1D 15 =0 25 0
frEquency (HZ) upload dispersion curve

upload velocity spectrum

clear save dispersion curve upload (muttiple) dispersion curves analyze the data



MAAM Comparing ESAC

resample to 4ms (250Hz)

data

radius (m}: 5
number of channels: |4 | |¥ nc-CCA show data
show/update channel map clean data

show location

spectrogram

PSD

Amplitude Spectra

Folder: C:WsersigdmiDesktopidati_da_anslizzare\Acquisizioni La Spezia Gab and LorenzohaAMiradius5,

Dataset: MAAM-data-clean mat
Recarding time: 25.93 min
Sampling 4 ms [Myguist frequency: 125Hz]

Central geophone

4 53 g 10
frequency (Hz)

[ g 10
frequency (Hz)

—— phase velocity spectrum ——
min freg. 3 max freq. | 12
min vel | 100 max vel | 500

12 window length (s)
15% v | Spectral smoothing
509w | tapering (%)

5 v | tolerance

smis w | veloclyincrement

[] hoid on
noise computation
D verbose

central TR=last ¥ Wtel

picking
effective dispersion curve—

start picking save picking

1o select the last point
click the right button

cancel picking

phase velocity (mds)

7. La Spezia

pre-processing tools -
TCEMCD

HoliSurface®

concatenate HVSR

Noise {epsilon) computed [dispersion compensated]

velocity spectrum (ESACpsvelspe)

upper limit (444)

12 14 16

4 5} g 1o

upload velocity spectrum frequency (HZ) upload dispersion curve

clear | save dispersion curve upload (muttiple) dispersion curves analyze the data



MAAM Comparing ESAC

resample to 4ms (250Hz)
data

radius (m}: 2 show location

number of channels: |4 w ||+ nc-CCA show data spectrogram

showi/update channel map | clean data PSD

Amplitude Spectra

" Folder: C:ilzers\gdmiDesktopidsti_da_analizzarelcouisizioni La Spezia Gab and LorenzolbdAAnradius 2,
Distaset: MALM-data-clean mat
Recording time: 24.14 min
Sampling: 4 ms [Myquist frequency: 125Hz]

L=3.46m

Central geophone

Amplitude Spectra 1o Amplitude Spectra (selected segments)
10

4 B g 10 12 4 B 8 10 12
frequency (Hz) frequency (Hz)

—— phase velocity spectrum ——

min freg 3 max freq. | 14
min vel. | 100 max vel. | 500
parameters
& window length (s)

15% | spectral smoothing
sge v | tapering (%)
5 v | tolerance

Smis v | veloctyincrement

hold on
noise computation
I:‘ verbose

central TR=last ¥ oumpmel

picking
effective dispersion curve—

start picking save picking

o select the last point
click the right batton

cancel picking

7. La Spezia

Two radii (5 and 2m)

pre-processing tools -

TCEMCD

HoliSurface®

concatenate HVSR

Noise {epsilon) computed [dispersion compensated]

velocity spectrum (ESACpsvelspe)

pper limit (44u) '-upper lirnit (441)

450 4

400

350

300

250

phase velocity {m/is)

200
150

100

9 . 1
lowier (3.44)
?SHZ)

g
frguenacy

12 13

upload dispersion curve

4 4 B 7

upload velocity spectrum

clear =ave dispersion curve upload (multiple) dispersion curves analyze the data

INTerMeadiare (.5 940



MAAM Comparing ESAC

resample to 4ms (250Hz)

—— phase velocity spectrum ——
data p ity spe
radius (m): 5

show location min freg. 3 max freg. | 30

number of channels: |4 w & nc-CCA show data spectra

min vel a0 max vel. 1800
show/update channel map clean data PSD

" Folder: C:Wsers\gdmDesktopidati interessanti in corsoiodena-tests-Lorenzo_Del_MaschioAsh_DoRenib2AM_Sm
Dataszet. MAAM-data-clean mat 15 window length (s)
Recording time: 11.91 min

Sampling: 4 ms [Myquist freguency: 125Hz)

10% v spectral smoothing
s0% w| tapering (%)
40 w | tolerance

10 .. | velocty increment

——————— parameters ————

upper limit 35 show

D hold on

noise computation

L =28.66m

D trace normalization

D verbose

central geophone
D advanced processing
auto (for raw data)

central TR=last | compute

picking

effective dispersion curve—

start picking ‘save picking

to selest the last point
click the right button

Amplitude Spectra (composed data) i Spectra 1 data) - selected it

cancel picking

5 10 15 20 25 5 10 15 20 25
frequency (Hz) frequency (Hz)

phase wvelocity (mi/s)

8. Modena

Radius (5m)

Noise (epsilon) computed [dispersion compensated]

velocity spectrum (ESACpsvelspe)

=== ast Dispersion Curve

1000

900

800

700

B00

500

400

300

200

100

4 5] 8 10 12 14 16 18 20 22 24
frequency (Hz)

upload dispersion curve

clear ‘save dispersion curve upload (multiple) dispersion curves analyze the data



MASW:
are you sure to know everything you need to know? jaNleSelas

phase velocity (m/s)

Synthetic traces (Rayleigh - ZVF compon

ent)
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Synthetic Dataset: Velocity Spectrum
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geophysical software and services
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MASW:

are you sure to know everything you

need to know?

Va2

ELIOSOFT

geophysical software and services
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Va2

Further exploitation of the HS approaches
ELIOSOFT

geophysical software and servic

A Swiss work

Topography and Vs
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400

800
390 700
380 1600
Eap
® 1500
T
2 360
= 1400
©
350
300
340
200
330
320 100
0 100 200 300 400 500 600 700

relative location (m)



f;.

Further exploitation of the HS approaches
ELIOSOFT

geophysical software and ser

A Swiss work: log scale for the velocities
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RPM frequency curve (see bal Moro et al., 2016 - BSSA). Why? K

1. Improved Back-scattering analyses cLoR!

2. Advanced seismic-vulnerability analyses

390 M.D. Trifunac / Soil Dynamics and Earthquake Engineering 29 (2009) 382-393
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Fig. 8. Geometric interpretation of how horizontal translation and rocking can contribute to the total drift in a simple building during passage of a Rayleigh wave.

3. Exploration of large 2/3D areas



RPM frequency curve: how? ¢
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More about Joint Analysis of ZVF+RVF+RPM

ELIOSOFT

geophysical software and services

1. Jail dataset (NE Italy): multi- and single-offset data

2. Tuscany (industrial) dataset
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Do you know your polarity?
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The RPM effective frequency curve

To investigate Rayleigh wave particle motion, we convert our vertical (V') and horizontal
inline (H) time series from Cartesian coordinates into polar coordinates, using the following

equations:

A = V2 + H?,

d(t) = tan ! (%),




2. Tuscany (industrial) dataset: ): multi-offset data

See also:

Multi-component Joint Analysis of Surface Waves (Dal Moro G., Moura
R.M., Moustafa S.R., 2015), J. Appl. Geophysics, 119, 128-138

velocity (m/s)

velocity (m/s)
©w & O @ N @
8 8 8 8 8 8

~
S

coefficient

g

frequency (Hz)

I observed (background)
@ synthetic (overlaying)

15 20 25 30
frequency (Hz)

Minimum global model (radial component)

frequency (Hz)

Minimum global model (RPM)

Minimum global model (vertical component)

35

40

=3
Q
<]

‘,
o
S

velocity (m/s)

velocity (m/s)
w B O @ N @
S 2 8 8 o °o
o o (=] o o o

n
=1
S

coefficient

)
=}
S

o
o
S

&
=}
S

5 10 15 20 25 30 35
frequency (Hz)

Minim

frequency (Hz)

um-distance model (radial component)

frequency (Hz)

Minimum-distance model (RPM)

i - observed
CE D synthetic

40

Mean model (vertical component)

800
566 8 /AN I observed (background)
i\ @& synthetic (overlaying)
2 600
£
= 500
2
3 400
[
4
300
200
5 10 15 20 25 30 35 40
frequency (Hz)
S0 Mean model (radial component)
700
@ 600
£
< 500
=
8 400
[
>
300
200
5 10 15 20 25 30 35 40
frequency (Hz)
Mean model (RPM)
T —~ observed
D (e - B synthetic
€
o
(3]
=
o
Q
o

frequency (Hz)

offset (m)



Vs30 (m/s)

Pareto front model(s)

290 1 1

2857 1

280

25571 1

= Median
== Minimum-distance model
Bl Minimum global GA model
B Mean model
B Pareto models

number of occurrence

veruval "s prvme

100

10F

20

50 -

60 -

70

critical depth [(2/3)*array length]

bedrock velocity (800 m/s)

200 400 600 800

L
1000 1200 1400 1600

\.fS (m/s)

=——=global GA model
minimum-distance model

—best vertical component

=best radial component
best RPM component

= mean model

—Pareto models

270 275
Vs30 (m/s)



-
)]

N
~

12

10

R-component misfit (%)

w
o

N
(&)

RPM misift (%)
a3

—
o

Bi-objective projection (ZVF-RVF)

considered models
Pareto optimal models
minimum-distance model
mean model

oo .

*

6 8 10 12 14 16 18

Z-component misfit (%)

Bi-objective projection (RVF-RPM)

considered models
€ Pareto optimal models
r © minimum-distance model
o "
s . mean model

8 10 12 14 16
R-component misfit (%)

RPM misift (%)

RPM misift (%)
N [N w
o 3 S

-
w
T

10

= = N N W
o o O O O

&}

Bi-objective projection (ZVF-RPM)

¢ * considered models

© Pareto optimal models
e ¥ minimum-distance model
mean model

4 6 8 10 12 14 16 18
Z-component misfit (%)

3D view

+ considered models

£ Pareto optimal models
£ minimum-distance model
mean model

15

10

Z-component misfit (%)
R-component misfit (%)




1. Jail dataset (NE Italy): multi-offset data
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1. Jail dataset (NE Italy): single-offset data
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1. Jail dataset (NE Italy): single-offset data
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vertical Vs profile

global GA model
minimum-distance model
best vertical component
best RVSR component
m—— mean model

Pareto models

critical depth [2/3*offset]

bedrock velocity (800 m/s)

100 200 300 400 500 600
VS (m/s)



Some References

Arai H. and Tokimatsu K., 2004. S-wave velocity profiling by inversion of microtremor H/V spectrum. Bull.
Seism. Soc. Am., 94, 53-63.

Dal Moro G., Moura R.M., Moustafa S.R., 2015. Multi-component Joint Analysis of Surface Waves, J. Appl.
Geophysics, 119, 128-138

Dal Moro G., Al-Arifi N., Moustafa S.R.. 2017. Analysis of Rayleigh-Wave Particle Motion from Active Seismics,
Bulletin of the Seismological Society of America, Vol 107 [February 2017]

Dal Moro G., Keller L., Moustafa S.R., Al-Arifi N. 2016. Shear-wave velocity profiling according to three
alternative approaches: a comparative case study. J. Appl. Geophysics, 134, 112-124

Dal Moro G., Ponta R., Mauro R., 2015. Unconventional Optimized Surface Wave Acquisition and Analysis:
Comparative Tests in a Perilagoon Area, J. Appl. Geophysics, 114, 158-167

Dal Moro G., Keller L., Poggi V., 2015. A Comprehensive Seismic Characterization via Multi-Component Analysis
of Active and Passive Data, First Break, 33, 45-53

Dal Moro G., 2015. Joint Inversion of Rayleigh-Wave Dispersion and HVSR of Lunar Seismic Data from the
Apollo 14 and 16 sites, Icarus, 254, 338-349

Dal Moro G., Coviello V., Del Carlo G., 2014. Shear-Wave Velocity Reconstruction via Unconventional Joint
Analysis of Seismic Data: a Case Study in the light of Some Theoretical Aspects, IAEG XIl CONGRESS - Turin,
September 15-19, 2014. In "Engineering Geology for Society and Territory - Volume 5" - Springer International
Publishing, 1177-1182

Gribler, G.; Liberty L.M.; Mikesell, T. D.; and Michaels P., 2016. Isolating Retrograde and Prograde Rayleigh-
Wave Modes Using a Polarity Mute. Geophysics, 81, V379-V385.

Ohori, M., Nobata, A., Wakamatsu, K., 2002. A comparison of ESAC and FK methods of estimating phase
velocity using arbitrarily shaped microtremor analysis. Bull. Seism. Soc. Am. 92, 2323-2332.

Tanimoto, T. and Rivera L. (2005). Prograde Rayleigh wave motion. Geophys. J. Int., 162, 399-405.

Tokimatsu, K., Tamura, S., Kojima, H., 1992. Effects of multiple modes on Rayleigh wave dispersion
characteristics. J. Geotech. Eng. ASCE 118 (10), 1529-1543.



