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Tunnelling — a risky job due to unknown ground conditions

= Squeezing
(Venezuela)

= Water ingress
(Sri Lanka —
Colombia)
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Tunnelling — a risky job due to unknown ground conditions
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= Water ingress
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Tunnelling — a risky job due to unknown ground conditions

Squeezing
(Venezuela)

= Water ingress
(Sri Lanka —
Colombia)

= Face collapse
(Peru)

= Large brake out
(n/a) -
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Geology investigation stages

1. Desktop studies
2. Preliminar investigations "s
3. Detailed studies > Definition of sl
geological and geotechnical units
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v" Rock mass classification system (RMR AT T 1 T
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v Selection of primary rock support p— T

2) Spot bolting 7) Fibre reinforced shotcrete and bolting, 12 - 15 em
3) Systematic bolting 8) Fibre reinforced shotcrete, = 15 cm,

4) Systematic bolting, (and unreinforced shotcrete, 4 - 10 cm) reinforced ribs of shotcrete and bolting

5) Fibre reinforced shotcrete and bolting, 5 - 9 cm 9) Cast concrete lining
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Geology investigation stages

1. Desktop studies

2. Preliminar investigations

3. Detailed studies = Definition of
geological and geotechnical units

4. Construction
v' Destructive investigation methods

v Non-destructive investigation methods
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3D Tunnel Seismic Prediction (TSP)

= Estimation of P & S wave velocity Reflection seismics

= Detects geological changes ahead of
the face

= Allows to estimate geomechanical
parameters

receivers sources

u Ease Of use :lroerczic\)/r;zhotlinesw/ small explosive charges - "
= Data acquisition within 15-90 min )

= Up to 150 m prediction range ahead
of the face

= Results within 4-5 hours after
acquisition
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3D Tunnel Seismic Prediction (TSP)
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Faulguemont Mine Development — AMF
Mission target: water exploration/rock condition
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Faulguemont Mine Development — AMF

Charge selectlon due to type of
lithology and energy attenuation
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Multiple shot recording procedure g‘
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Seismic Data Processing
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Overview TSP data processing steps
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TSP survey processing
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TSP survey processing

= Data preparation

= Filtering

= FAP, direct wave
velocities (P&S)

= Event extraction

= Polatisation analysis

Raw data Filtered data
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TSP survey processing

= Data preparation

= Filtering

= FAP, direct wave
velocities (P&S)

= Event extraction

= Polatisation analysis

14th November 2019

- “Reconnaissance and Fractured Rock Mass"
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TSP survey processing
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TSP survey processing

= Data preparation

= Filtering

= FAP, direct wave
velocities (P&S)

= Event extraction

= Polatisation analysis
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TSP survey processing
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TSP 3D processing (migration & seismic modelling)

= Velocity analysis
= Seismic migration

Reflector extractor
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Ryfast Project — Statens Vegvessen, Norway g



Mission target: Test TSP capabilities in subsea tunnel/low overburden
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Tunnel seismic investigations in the Hundvag tunnel
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Geological model and location of the TSP campaigns
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TSP results campaign #2
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TSP results campaign #2
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TSP results vs geological findings after excavation

Local distance [m]
0 20 40 60 80 100 120 140 160 180

iy
Sre— [
A

855 888

S8

Edyn[GPa] Poisson Vs[m/s] Vp[m/s]
o

80
70
60
50
E dinal section
= |
- o
—_ - o o LA Y Bl
E : 9 S 5 - =
S —JREF g 1493 m 3 3 2
c s2esese ee992s000s00es00se
£ oc (G x=Te ) <=== Tunnel alignment
8 2 — Reflector (+ pol)
£ a —— Reflector (- pol.)
> . ---- Reflector plane (+ pol.)
= Phyllite |/ Transitionzone W Fracturezone | Gneiss _ Deﬁl he"enedm'borde,spla"s('pd)
20 T
10Z fair < > } ; Transition to gneiss .
e e I e < T —— formation completed |- -~~~ N
- poor A AR\ S " — N4
s Minor water leakage from probes. {\O—Q- _/ ¢
i 1 Pre-injection performed for r
. e 1
fe] improvement of rock mass condition l" Start of phyllite-gneiss Grarc]julﬁtlec?:ngzigrgm
_kvery poor ’ contact (phylllte lower phy 9
art, gneiss upper
. < 41 part, g upp ) |

CFMR 'A AMBERG

S TECHNOLOGIES

DE MECANIQUE
DES ROCHES




Comité Frangais de Mécanique des Roches — CFMR 14th November 2019: “Reconnaissance and Fractured Rock Mass"

Results 3D models — Campaign #2
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Major steps for a successful TSP evaluation
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Sesimic methods should be used in both pre- and construction phases in

tunneling works.
Results should be carefully validated

Seismic results generally correlates very well with geological findings and

rock mass classification after excavation.

Such techniques are complementary to traditional probe drill
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Mathematical relations of elastic parameters
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Poisson’s ratio: 3 3
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Dyn. Young’s Modulus: ovs?| 22 °
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