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TWO-MINUTE MADNESS

FAILURE OF DAM IN BRAZIL (January, 2019) ‘@ ® |
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Laboratory Setup = Controlled Environment

TWO-MINUTE MADNESS

Use of Geophysics = Monitoring and Detection of
Internal Erosion
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INTRODUCTION < @ >

What is Internal Erosion?

A

Erodible Material

Material
Seepage Path sustaining a

pipe
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Introduction (Cont d)
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Therefore use of Non — Destructive Techniques (NDT) essential to detect early
stages of internal erosion and prevent failure
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METHODOLOGY » @ >

» Controlled testing
» Controlled hydraulic gradient
» Water flow only in weak zone

» Many soil mixtures can be conducted
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» 2 Horizontal Geophone
» 1 Vertical Geophone

Setup in the lab:
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Methodology (Cont d)

Materials Properties:

% Sand 65 Pl
% Clay 35 «

% Fines >12

ERI 2

% Water Content 10.3

Dry Unit Weight | 17.01kN/m’

Soil Classification | SM (Silty Sand)

Google Earth Image
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RESULTS < @ >

Data of Geophones: TIME SERIES

- Monitor | SPECTROGRAM
- Horizontal perpendicular to flow

- Horizontal parallel to flow

- Vertical RMS
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- \,0 AP
%107 o2 Monitor RS

\
i M o8 8=

Amplitude
o
e =
+
}

//’7’3’8
Al

1
(3}

0.5 1 1.5 2

0
Time (days)
. %107 Horizontal Parallel
(s}
t |
2
= °+
£
<L
5 — _
0 0.5 1 1.5 2

Time (days)

Amplitude

Amplitude

Horlzontal Perpendicular ‘/)

-3
5 X 10
0
-5 ' =
0 0.5 1 1.5 2
Time (days)
5 X1 03 Vertical
0
-5 _— _
0 0.5 1 1.5 2
Time (days)

Sl NS =V Lab La Région [ 7
@ lRD == ﬁlpesbI \IR @SUG@ZOZO Auuergnethone Alpes UéA'D

:’V%

MNATIONAL ACADEMY
OF SCIENCES



DETECTION OF BACKWARD EROSION USING MULTIPLE GEOPHYSICAL TECHNIQUES
Yara Maalouf(®(2), Naji Khoury!?), Christophe Voisin*) and Grégory Biévre(!)

/1NDU fck (e
P (1) University of Grenoble — Alpes, Grenoble — France ISTerre.

(2) Notre Dame University — Louaize, Zouk Mosbeh — Lebanon

&

Horizontal Perpendicular

o N o
T L )
> > 130 3
© 0 =
& £ S
=] Q >
5 & 140 @
£ 9 =
x :
_ N 0.5 1 1.5 2
Time (days) Time (days)
Horizontal Parallel - Vertical -
120 § 120 §
a N o
T I 2
4130 3 > 130 3
[ Q =
s c @
= ) =
o =S o
-140 @ o -140 &
= [+}] =
: 1 g o | <
0 . : , s bt ; 150 g 0 : it ‘ i ; cikiiia . -150 g
0.5 1 1.5 2 0.5 1 1.5 2
Time (days) Time (days)

B Cronobie @IR QSUGe@2020 La Région 2

Zé Alpes Auvergne-Rhoéne-Alpes

MNATIONAL ACADEMY
OF SCIENCES



DETECTION OF BACKWARD EROSION USING MULTIPLE GEOPHYSICAL TECHNIQUES
Yara Maalouf(®(2), Naji Khoury!?), Christophe Voisin*) and Grégory Biévre(!)

/1NDU fck (e
P (1) University of Grenoble — Alpes, Grenoble — France ISTerre.

(2) Notre Dame University — Louaize, Zouk Mosbeh — Lebanon

&

Horizontal Perpendicular

o N o
T L )
> > 130 3
© 0 =
& £ S
=] Q >
5 & 140 @
£ 9 =
x :
_ N 0.5 1 1.5 2
Time (days) Time (days)
Horizontal Parallel - Vertical -
120 § 120 §
a N o
T I 2
4130 3 > 130 3
[ Q =
s c @
= ) =
o =S o
-140 @ o -140 &
= [+}] =
: 1 g o | <
0 . : , s bt ; 150 g 0 : it ‘ i ; cikiiia . -150 g
0.5 1 1.5 2 0.5 1 1.5 2
Time (days) Time (days)

B Cronobie @IR QSUGe@2020 La Région 2

Zé Alpes Auvergne-Rhoéne-Alpes

MNATIONAL ACADEMY
OF SCIENCES



DETECTION OF BACKWARD EROSION USING MULTIPLE GEOPHYSICAL TECHNIQUES
Yara Maalouf(®(2), Naji Khoury!?), Christophe Voisin*) and Grégory Biévre(!)

/1NDU fck (e
P (1) University of Grenoble — Alpes, Grenoble — France ISTerre.

(2) Notre Dame University — Louaize, Zouk Mosbeh — Lebanon

&

Horizontal Perpendicular

o N o

T L )

> > 130 3

© 0 =

& € S

=] Q =

S & 140 @

£ O &

= :

; Al o s e e e e il et r AR : _150 g
0.5 1 1.5 2 = 0.5 1 1.5 2

Time (days) Tims (days)

Horizontal Parallel - Vertical .

120 § 120 §

a N o

T I 2

4130 3 > 130 3

= Q =

e £ ]

3 ) 3

o =S o

140 @ T -140 2

£ 9 =

g o g

0 . ; ‘e : Gphnniico : -1508 0 : i ‘ i ; cikiiia _1508
0.5 1 1.5 2 0.5 1 1.5 2

Time (days) Time (days)

B o @IR ~©SUG®@2020 LaRégion &

Ziéi Alpes Auvergne-Rhoéne-Alpes

MNATIONAL ACADEMY
OF SCIENCES



DETECTION OF BACKWARD EROSION USING MULTIPLE GEOPHYSICAL TECHNIQUES
Yara Maalouf(®(2), Naji Khoury!?), Christophe Voisin*) and Grégory Biévre(!)

m Frur (1) University of Grenoble — Alpes, Grenoble — France N IISTQIrIrQ__

(2) Notre Dame University — Louaize, Zouk Mosbeh — Lebanon T

Results (Cont'd)
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v Controllable laboratory = backward erosion
v Horizontal geophone, parallel 2> flow of water
v Vertical geophone = events

» Grain rearrangement
» Grain movement
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