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Some Garage Seismology
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Some Garage Seismology
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It's not what you look at that matters, it's what you see.

Henry David Thoreau



Le due alternative:
comprendere tutto o non capire nulla

L'opera di Mark Lombardi



» Two R&D lines

ELIOSOFRT

geophysical software and services

Classical (improved) methodologies:
e.g., multi-component MASW analyses according to FVS

Unconventional (particularly effective) methodologies: HoliSurface & MAAM


http://www.holisurface.com/
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ADAM-2D
Apparent-Dispersion Analysis of Multicomponent Data — 2D
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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

10000.542 10005.5q2 10010.s42 10015.592
7 z 7 7
£ £ £ £
= = 1500 = 1500 = 1500
= = = =
5 < 1000 < 1000 <2 1000
= = = =
g g &m0 o g o0 9 s004
= . = = =
200 30 40 S50 BO YOO BO 90 200 30 40 50 60 YO 80 20 200 30 40 50 BO O 80 20 200 30 40 S50 60 Y0 80 20
frequency (Hz) frequency (Hz) frequency (Hz) frequency (Hz)
10020.s92 10025.592 10030.s92 10035.592
ko z ko 7 :
£ £ £ £
= 1500 = 1500 = 1500 = 1500
= =] + = =
< 1000 < 1000 < 1000 5 1000
= = = =
2 500 ; g sm 2 500 2 500 e
= - = = = -
20 30 40 &0 B8O 70 8O0 90 20 30 40 S50 wBO Y0 80 20 20 30 40 &80 B8O 70 8O S0 20 30 40 &80 wO YD 80 20
frequency (Hz) frequency (Hz) frequency (Hz) frequency (Hz)
10040.592 10045.592 10050.s42 10055.592
7 oy 7 iy
£ £ £ £
= 1500 = 1500 = 1500 =
g g g g
= 1000 < 1000 = 1000 =
= = * = =
g sm ¥ 500 e g sm g
= @ = =
= = = =
20 30 40 &0 BO YD 8O 90 20 30 40 50 6O YO 80 S0 20 30 40 &0 BO YO 80O S0 20 30 40 S0 6O YO 80 S0
frequency (Hz) frequency (Hz) frequency (Hz) frequency (Hz)
10060.542 10065.542 10070.542 10075.542
= z = iy
£ £ £ £
= = 1500 2 1500 = 1500
] 5 ] ]
= < 1000 = 1000 = 1000
= = i = =
2 g s — 2 50 — 2 500
= - = = . =
20 30 40 &0 BO YO BO S0 200 30 40 S50 BO YO 80 S0 20 30 40 &S0 BO O YO 80 S0 20 30 40 50 6O YO 80 S0
frequency (Hz) frequency (Hz) frequency (Hz) frequency (Hz)
10080.542 10085.5q2 10090.sq2 10095.592
7 7 7 7
£ £ £ £
= 1500 = 1500 = 1500 =
= = = =
= 1000 < 1000 = 1000 =
= = = =
2 50 2 &m0 _ 2 500 i
= - = = = =
200 30 40 S50 BO YOO BO 90 200 30 40 50 60 YO 80 20 200 30 40 50 BO O 80 20 200 30 40 S50 60 Y0 80 20

frequency (Hz) frequency (Hz) frequency (Hz) frequency (Hz)



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
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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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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
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Onde di Rayleigh:
La continuita di un segnale non significa che quel segnale appartiene
ad un unico/singolo modo.

Soluzione: analisi congiunte con le onde di Love!




Modal and effective dispersion curves:
problems and solutions
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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 Ac,, and (A,.[u/Ww],,)%c,,, re-
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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Modal and effective dispersion curves:
problems and solutions
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Dies ist nicht der Fundamentalmodus!
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Modal and effective dispersion curves:
problems and solutions

Our joint FVS solution: our synthetic velocity spectra perfectly

overlap with the observed ones

1. input Rayleigh data
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About modes (and refraction)

Dies ist nicht ein einziger Modus!

1. input Rayleigh data
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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

HS www.holisurface.com

What’s in common?




What’s in common?
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Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche
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The unordinary HoliSurface approach
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Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche
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The unordinary HoliSurface approach
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Oberfliichengebundene Bestimmung eines robusten Vs-Modells als Eingangsparameter zu
bodendynamischen Berechnungen an einer historischen Klosterkirche
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The unordinary HoliSurface approach
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HoliSurface results compared to VSP (Vertical Seismic Profiling)

HS

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

first break volume 33, September 2015 technical article

A comprehensive seismic characterisation
via multi-component analysis of active and
passive data

G. Dal Moro"", L. Keller? and V. Poggi*

Abstract

A comprehensive seismic survey was conducted with the aim of characterising one of the Swiss Digital Seismic Network
stations in Northern Switzerland. Both active (P- and S-wave refraction tomography, surface-wave analysis, vertical seismic
profiling) and passive methodologies (wavelet decomposition, Horizontal-to-Vertical Spectral Ratio, three-component fre-
quency-wavenumber analysis) were jointly considered in order to solve the intrinsic non-uniqueness of the solution and deter-
mine a consistent subsurface model free from ambiguities, eventually used for the assessment of the local site amplification.


http://fb.eage.org/publication/allissues?p=100
http://www.holisurface.com/

HoliSurface results compared to VSP (Vertical Seismic Profiling)

HS
—\—

A Comprehensive Seismic Characterization via Multi-Component Analysis of Active and Passive Data
(Dal Moro G., Keller L., Poggi V.), First Break (September, 2015)
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o ® A circle, a line: they look good, they are abstract, they are common knowledge.
H O ’ Su r a C e They belong to everyone and equally to the past, the present and the future.

Richard Long
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MAAM + HVSR joint acquisition H S
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ESAC + HVSR joint acquisition channel/trace#1
@ 4.5Hz vertical geophone 2
® 2Hz 3-component geophone (for HVSR, ESAC and MAAM)
®
®
®
®
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24 16 13 (UD), 14 (NS), 15 (EW)




HoliSurface®

[[] resample to 4ms (250Hz)

* tools
data — phase velocity spectrum —— pre-processing tools
ragius (m): | 2.887 - ®
(m) save geometry | show location rintioq 4] mexiea. [ 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
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sms v velocty increment
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[ verbose
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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
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HoliSurface®

A “noisy”

desperate case

data & spectral ratio —

general settings —
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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
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Joint disp+HV
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HoliSurface®

HS

A further problematic case (little room available and noisy active aata)

data & spectral ratio —
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HoliSurface®
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HoliSurface®

A further problematic case (little room available and noisy active data):
the acquisition procedures

A AR

4 vertical-component geophones (red circles)

three-component geophone (
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HoliSurface® -I:/st.

MAAM (Miniature Array Analysis of Microtremors)

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

le to 4 50H
.d:t:amue 0 4ms (250Hz) —— phase velocity spectrum ——

radius (m): | 2.88 show location

v [ 25 ] a2 HoliSurface®
number of channels: |4 v | |+ nc-CCA show data spectrogram

minvel | 90 max vel. | 700
showl/update channel map | clean data PSD Amplitude Spectra

pre-processing tools -

TCEMCD

concatenate HVSR

Folder: C:W=ersigdmiDesktopidati_da_analizzare PURGESSIMO-MAAMRIGHT _CCAWNly4YERTICALY P B
Datazet: singlechannelsmaam-1Sm-clean mat 8 window length (s)
Recording time: 13.75 min

; _ MAAM with and without noise compensation.
Sampling: 4 ms [Myquist frequency: 125Hz] 10% v Spectral smoothing

50% v | tapering (%)

Colors in the background represent the MASW
(ZVF component) velocity spectrum

10 v | tolerance

sms w | velocly increment

hold on
L =4.59m I:‘ noise computation
[ verbose velocity spectrum (MASW ZVFspectrum24)
700 7
central TR=last v | Compute | Jupper limit (44
Central geophone s
picking 500
effective dispersion curve——
start picking save picking
1o select the last point
click the right button
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Noise-to-Signal Ratio g
T T T T T T T T T cancel picking :
'S 400
o
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@
i
m
=
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300
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w
100 ____--’_"_"'_----‘"
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upload velocity spectrum frequenl:y (HZ) upload dizpersion curve
intermediate (3 931
clear save dispersion curve upload (multiple) dispersion curves analyze the data
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MAAM Comparing ESAC

reszample to 4ms (250Hz)
data

radius (m}; 05

number of channels: |4 » | |« nc-CCA

show/update channel map

show data

clean data

show location
spectrogram

PSD

" 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]

Amplitude Spectra

L =0.866m
Central geophone

Equipment quality (N/S ratio)

—— 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 v tolerance

smis v | veloclyincrement

hold on
noise computation

I:‘ verbose

central TR=last | COMpute

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

olors in the background are the
" ESAC velocity spectrum! (from
large 2D arrays)

velocity spectrum (ESACpsvelspe)
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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/update channel map

show data

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 B g

frequency (Hz)

[ g 10
frequency (Hz)

—— phase velocity spectrum ——

min freg. 3 max freq. | 12
min vel. | 100 max vel | 500
parameters

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
o select the lzst point
click the right button

save picking

cancel picking

phase velocity (mds)

7. La Spezia

pre-processing tools -
TCEMCD

HoliSurface®

concatenate HVSR

olors in the background are the
ESAC velocity spectrum! (from
large 2D arrays)

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;
[~ P (2 ) —— phase velocity spectrum ——

data
radius (mp: | 2 show location min freg 3 max freg. | 14
number of channels: |4 v | ¥/ nc-CCA how dat;
show data spectrogram min vel 100 max wel. | 500
showi/update channel map | clean data PSD Amplitude Spectra
" Folder: C:ilzers\gdmiDesktopidsti_da_analizzarelcouisizioni La Spezia Gab and LorenzolbdAAnradius 2, parameters
Datazet: MAAM-data-clean mat a8 window length (s)
Recording time: 24.14 min
Sampling: 4 ms [hyquist frequency: 125Hz] 15% | spectral smoothing

s0% v tapering (%)
5 v | tolerance

Smis v | veloctyincrement

hold on
noise computation
I:‘ verbose

central TR=last v oomrmel

L=3.46m

Central geophone

picking
effective dispersion curve—

start picking save picking

o select the last point
click the right batton

Amplitude Spectra (selected segments) cancel picking

Amplitude Spectra 1o
]

4 B g 10 12 4 B 8 10 12
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7. La Spezia

Two radii (5 and 2m)

pre-processing tools -

TCEMCD

HoliSurface®
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. ESAC velocity spectrum! (from
large 2D arrays)

velocity spectrum (ESACpsvelspe)
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MAAM Comparing ESAC

resample to 4ms (250Hz)
data —— phase velocity spectrum ——
i

radius (m): 5 show location min freq. | 3 max freg. | 30
number of channels: |4 w | |« nc-CCA
showdata Seecta min vel &0 max vel. 1800
show/update channel map clean data PSD
" Folder: C:Wsers\gdmDesktopidati interessanti in corsoiodena-tests-Lorenzo_Del_MaschioAsh_DoRenib2AM_Sm ———— parameters
Dataszet. MAAM-data-clean mat 15 window length (s)
Recording time: 11.91 min

Sampling: 4 ms [Myquist frequency: 125Hz) 10% w Spectral smoothing

£

50% tapering (%)

40

<

tolerance

10 .. | velocty increment

upper limit 35 show
L =8.66m [ hold on

noise computation

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

Amplitude Spectra (composed data) i Spectra 1 data) - selected it ta szlect the last point
click the right button

cancel picking
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8. Modena

Radius (5m)
Colors in the background are the
ESAC velocity spectrum! (from
large 2D arrays)

Noise (epsilon) computed [dispersion compensated]

velocity spectrum (ESACpsvelspe)

=== ast Dispersion Curve
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upload dispersion curve

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



Love-wave contribution to
the observed HVSR

aHL(f) + Hg(f)
Vr(f)

HVSR =

L = contributo delle onde di Love
R = contributo delle onde di Rayleigh

I microtremori sono essenzialmente costituiti
da onde di Rayleigh e Love. La quantita di
onde di Love (incognita e sintetizzabile con il
“parametro alfa”) e essenziale .

(a) Vg profile
0 T T T T T

100 200 300 400 500 600 700 800 900
VS (m/s)

40

(b)

s Alfa = 0.9
mmmnn Alfg = 0.2

e

' e
CO -

Frequency (Hz)
Figure 4.14 Effects of Love waves on the HVSR: (a) considered Vs profile; (b) the HVSR curves

obtained while considering a different amount of Love waves (the o factor) in the microtre-
mor field. In both cases Qs values are fixed according to a simple rule of thumb (Qs = V</8).

Two consequences are straightforward:

The amount of Love waves (synthetically expressed by the o factor) should be considered
as a further variable in the inversion process aimed at determining the Vs profile (experi-
ence teaches that its value typically ranges from 0.3 to 0.6).

The HVSR curve alone is insufficient to properly and precisely define a Vs profile even when
geological/stratigraphical information are available and, consequently, the only viable
approach is represented by the joint inversion with further geophysical data (typically
the dispersion curves of Rayleigh or Love waves).



Vibrational analyses

Allo scopo di analizzare in modo rigoroso le vibrazioni di un edificio, @ fondamentale

eseguire acquisizioni sincrone sia verticalmente che orizzontalmente (due terne che
lavorano perfettamente sincornizzate).

Per un esempio clicca sul seguente link: https://www.youtube.com/watch?v=600SSil1MTo

synchronized (vertically)

synchronized (horizontally)
2 sensors at 2 different floors (simultaneously)

2 sensors at the same floor (simultaneously)

il e _— e
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https://www.youtube.com/watch?v=6O0SSil1MTo

The Camerino Data and Analyses

Let’s compare the analysis of classical multichannel data (performed according to the FVS
approach) and the results obtained via HS (HoliSurface — a patented methodology based on the

analysis of just a single 3-component geophone) . We will see that the results are practically
identical.
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Figure 9 Data acquisition for the holistic analysis
of Rayleigh-wave propagation by means of a
single (at least) 2-component geophone recording
the vertical and radial components then used to
determine the two group velocity spectra and the
Radial-to-Vertical Spectral Ratio (RVSR).



The Camerino Data and Analyses
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The Camerino Data and Analyses HoliSurface®
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vertical VS profile

minimum-distance model
global GA model

best vertical component
best radial component
best RVSR component
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The best RVF model should be not considered (as too far from the rest
of the models — which are instead extremely consistent)



Statistics:
Vs30 values for the Pareto front models (extremely consistent distribution)
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The classical multi-channel approach:

The Camerino Data and Analyses FVS joint analysis of Rayleigh & Love waves

Now we take the “best model” from the HoliSurface analysis and this is what we obtain:
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1. input Rayleigh data
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An extremely good agreement for both the Rayleigh and Love waves, which clearly means
that the HS analyses provided extremely good results, which can be considered
“equivalent” to the performances possible with the standard multi-channel data.

RVF (radial component of Rayleigh waves) + THF (Love waves) Full Velocity Spectrum (FVS) joint analysis. Background
color the field phase-velocity spectra, overlaying contour lines the synthetic velocity spectra of the considered Vs model.



