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1. Introduction

= Rockfall phases

Moutiers, 2014
(Photo AFP)

[D’Amato 2017, drawn from Frayssines 2005]

* Pre-rupture <«— Precursory signals?

* Rupture

o [BreeEEiier Generally fast...
P g and often too late

* Deposit
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= Precursory signals collapse
Néron rockfall

[SAGE]

[Bottelin et al. 2014 NHESS]

Displacement monitoring Limitations

i L
Monitoring ground surface changes or fracture FumEivE] i fme ansler spzes
opening rate

= Extensometers [e.g. Fukuzono 1985; Voight,
1989; Suwa et al. 2010]
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" recursony sene
ew tecnniques

»  Terrestrial Laser Scan
[e.g. Abellan et al. 2009, 2010]

=  Ground Based-SAR
[e. g. Antonello et al. 2004 ]

- = (Optic) image correlation
| [e.g. Desrues et al.]

@@nﬁiimeﬁu’ﬁc dfspﬂacemgm (precursor to e}/ent Bj)
-30 -20 -10 0 i0 20

[Abellan et al. 2010]
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" Precursory signals

Displacement monitoring Limitations

= Punctual in time and/or space

Monitoring ground surface changes or fracture
opening rate

= Surface displacement only

= Late alert
* Threshold definition

Need for complementary, global, in
depth imaging/monitoring

' parameters.

Geophysics? Mechanical

ics? ?
dynamics? SHM HEALTH

MONITORING
SYSTEM MARKET
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" Precursory signals
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| <— Seismic —>j« Event Seismic >}
noise noise

Seismic Events

. I\/Iicr
= Detection, Classification

Statistics & Location

Seismic Noise Recordings

= Noise cross-correlation

= Spectral monitoring — Resonant
Frequency Technique

fllmann et al. 2007, Senfautest al.
2009, Lévy et al. 2011, Amitrano et ah
2010, 2012; Occhiena et al. 2012]
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* Information contained in seismic noise

10" Raw seismic record
w 2 I | | |
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f1 /> f3 fa Frequency

Civil Engineering

Millikan Library [Clinton et al. 2006]
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* Information contained in seismic noise

i’ Raw seismic recqrd / Spectral peaks
Tﬂ‘-‘ 2 T T T T - J \
£ =
=z 0 S
0 100 200 mets 300 200 500 2] >
f f f3 4 Frequency

Civil Engineering
Resonant Frequency

.fi = F (m/ ) KC) + geometry

/ N\

building Soil-
K . 2 2 = Mass structure

Millikan Library [Clinton et al. 2006]
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* Information contained in seismic noise

10 Raw seismic recqrd | / S;ectral peaks
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Resonant Frequency

fi =F (m, , Kc) + geometry
N

column contact
mass rigidity

.

[Lévy et al. 2010, Lévy 2011]
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= Application to rock bolting works?

Alt(m)

Alt(m)

Alt(m)

 Alt(m)

1260} 1260} 1260} 1260
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1220+ 1220+ 1220 . __;Z:Z/ 1220 o '/
<2 P

Stage 2
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Time

Stage 3

Stage 4

v

Monitor increases in

K. during

reinforcement works

through f, time-series?
[Bottelin et al. 2017]
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* Information contained in seismic noise

Collapse
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Monitor drops in K, K. prior to rockfall through £, time-series?
[Lévy et al. 2010; Bottelin et al. 2010-2014; Valentin et al. 2016; Colombero et al. 2015, ...]
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A. MONITORING ROCK REINFORCEMENT WORKS - LA BOURNE
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A. MONITORING ROCK REINFORCEMENT WORKS - LA BOURNE
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A. MONITORING ROCK REINFORCEMENT WORKS @
= Site description

= ~750m?3 rock column (5x10x15m)
= Massive Urgonian limestone

= 18 rock bolts, CMC type (14 + 4)
*5t012.5min length

= Cement grout leaks at column’s toe:
rock/bolt coupling?

J
Reinforcement work schedule
BW DW
BT TTENITITENIT TH 1Ll 1
D D RGID D R GID D D RGID R
I I I
01/04/2016 01/05/2016

Date [dd/mm/yyyy]

[Bottelin et al. 2017 Eng Geol]
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= Results — Before Works

a) _ fﬂ,f ____f2+f3 fafsfsf _

0.7

PDF

PDF

10 10'
Frequency (Hz)
[Bottelin et al. 2017 Eng Geol]
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= Results — Whole period | I I
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A. MONITORING ROCK REINFORCEMENT WORKS @

= Results — Whole period

a) b) C)

| 31.0F
10.0 |-

22.0 5

I [H]

21.0F

29.0 X

9-0 y 20.0

Key results

= First case study of rock bolting monitoring with seismic noise

= Clear increase in resonance frequencies related to bolt grouting
(+8%, +17%, +1%)
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A. MONITORING ROCK REINFORCEMENT WORKS - LA BOURNE

Alt(m) Alt(m) Alt(m) Alt(m)

Stage 3

1260

1260

1240 1240 1240 1240

f (H2)

1220 1220 1220

1220 o

Stage 1 Stage 2 Stage 3 Stage 4
Time

A 4

B. CHARACTERIZING AND MONITORING ROCK SLOPE UNTIL ROCKFALL —
LA PRAZ

982780.000

=z Vh (mm/year)
10 100 1000 |
log10[a(HVSR)]

Y-Lambert 93 (m)

982780.000 982600.000
X-Lambert 93 (m)

'w- Caractérisation et suivi de la stabilité des masses rocheuses par méthodes sismiques passives




ASSOCIATION DEVELOPPEMENT RECHERCHE GLISSEMENTS DETERRAIN

= ~15 000 m?3 highly fractured rock slope = 250m above covered railway, RD1006, Arc river

= Bedded sandstone / shale alternance = Compartments cA, cB, cB’, cC, cD
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= Passive seismic mapping
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B. MONITORING ROCK SLOPE UNTIL ROCKFALL — LA PRAZ ADRGT
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= Passive seismic change detection
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A. MONITORING ROCK REINFORCEMENT WORKS - LA BOURNE
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For further discussion

DA p.bottelin@sage-ingenierie.com
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