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D 1. OUR GROUSIXENSE & VINCI

VINCIl is a major playerin the
concessions and construction
businessespresentin some 100
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|

countries

Its ambition is to contribute to
buildinga more sustainableworld
by fully playingits roleasa private
partnerof publicutility.

VINLCI ,

ENERGIES

Sixenseis part of the specialty
networksof VINCIConstruction
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Click here for modetail
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D 1. OUR GROUSIXENSE: A GLOBAL FOOTPRINT

EUROPE
United Kingdom  Spain Romania
France Portugal Poland
Luxembourg Switzerland  Hungary
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Hong Kong
Australia
New Zealand
AFRICA &
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United Arab Emirates
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Qatar Q Q
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SISSTERRA 3D AMBIENT
NOISEH OMOGRAPHY
SOLUTION

For subsurface voids and sinkholes detection
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> PRINCIPLES OF SISSTERRBG®MBIENT NOISE TOMOGRAPHY

> Use of ambient seismic noise
generated by human activity

AvA
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D 3D high resolution image of the
subsoil in terms of shear velocity




D> SISSTERRA 3D AMBIENT NOISE TOMOGRAPHY

2D irregular receiver network (1C/3C sen

Duration of recording arnbient noise few
days

80 sensors S

Noise
records .|l|!

3D Vs model
Precise site characterization

Seismic

interferometrx i

|
l

3240 rays
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il 3240 measurements

Assessment of soil quality and risk analysis
throughout the future route of a TBM for
better adaptation of digging parameters



D> SISSTERRA 3D AMBIENT NOISE TOMOGRAPHY

2D irregular receiver network (1C/3C sen 3D Vs model
Duration of recording arnbient noise few Precise site characterization
days

Crosscorrelation of noise

80 sensors AT

’ Inversion

between A and B
o WMMM‘ Ml;\wuu ‘M'NMWWNW » {

surface waves

3240 rays

3240 measurements
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D> CASEBSTUD¥1 ®SINKHOLER: SOLUTIOREATURBSAPPING INDUSTRIABITE (MA)

( N\

Subsurface Imaging in dndustrial Zone

Objective:ldentify zones olower shear e v __I<78 ‘
wavevelocity(Vs),whichmayindicate VAl A vy D /
potential pathwaysfor chemical e

infiltration or subsurfacedisturbances
leadingto dissolution of carbonate rocks
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D> CASEBSTUD¥1 ®SINKHOLER: SOLUTIOREATURBSAPPING INDUSTRIABITE (MA)

N
Section at -0.5 mMNGM £ Green anomalies highlighegativevelocitycontrasts possiblyassociatedvith altered
A Bapsiamiied contalieiizer s groundor chemicaffilled voids

® Redcirclesmarkrecommendedverificationboreholes

“ Depthslices and 3@nomalymodelssupporttargetedenvironmentaland
geotechnicalnvestigations
N\

3D view of negative velocity anomalies
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Velocity anomaly zone
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D> CASEBSTUD¥1 ®SINKHOLER: SOLUTIOREATURBSAPPING INDUSTRIABITE (MA)
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> CASBSTUD Y2 @SINKHOLBIAPPING, RUE CASANOMABERVILLIERER)
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(dated from 1960)
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> CASBSTUD Y2 @SINKHOLBIAPPING, RUE CASANOMABERVILLIERER)
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> CASBSTUD Y2 @SINKHOLBIAPPING, RUE CASANOMABERVILLIERER)

B A SCOS678 ; A
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ingice : 0
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> CASBSTUD Y2 @SINKHOLBIAPPING, RUE CASANOMABERVILLIERER)

3D View 2D View
' ad

Possible sinkhole ?

Plan View
N

= g AVA

Position des capteurs en surface : @ Vitesse de cisaillement (m/s) Va¥
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v Zone d'anomalie négative de vitesse Vs (contraste >10% :
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Représentation de 2D et 3D de la zone principale  Congu - JCO

Systéme de coordonnées : Lambert 93 CC49 d'anomalie de vitesses Vs Vérifié : OFO
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GRAVIMETRNMECHNIQUES

For assessing shallow structural geology
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D GRAVIMETRY TECHNIASSESSING SHALLOW STRUCTURAL GEOLOGY

AVA
Vav

<3¢
Survey Boundary

1300x1300M";

A

:l‘-

7ig. 1- Exampl

imestone dissolution near . Commune, * The collapse feature (15 m wide and 20 m

leep).B. New sinkhole collapse formed as a result of gypsum dissolution in
The collapse feature occurred in 16 February 2016 (8 m wide and 15 m deep).

sixense

Commune,

The project

Development of an industrial site

Necessity to obtain information on geological structures o
to 60mBGL

Survey desigri270m X 1270 m

Geological setting

= =

= =

Superficial deposits: calcrete and clayey silt, between O :
3mMBGL,

Calcareous marl and silty/marly limestone, between 3 ar
18mBGL,

Greenish and multioloured silty and clayey marl, betweer
and 20mBGL,

Greenish silty and clayey marl, between 20 and 30mBG|
Limestone, siliceous limestone, stratified marly limestone
between 30 and 59mBGL,

Brecciated stratified limestone between 65 and 88mBGL
Fibrous gypsumisterlayedy a greenish clay layer betwee
and 92mBGL,

Evaporitic bedrock between 92 and 100mBGL,. ,.cccrp



D GRAVIMETRY TECHNIASSESSING SHALLOW STRUCTURAL GEOLOGY

Land gravity survey 3D Seismic reflection
- ~15,200 points of measures 1 Receiver points (RP) 15214
- Mesh 10m x 10m 1 Source points15158nos. VP (vibrated points

- Survey desigrli270m X 1270 m

tra-Dingo Dépreasion Time (s TWT)
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D GRAVIMETRY TECHNIASSESSING SHALLOW STRUCTURAL GEOLOGY
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D GRAVIMETRY TECHNIASSESSING SHALLOW STRUCTURAL GEOLOGY

3D Seismic reflection

Land gravity survey
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D GRAVIMETRY TECHNIASSESSING SHALLOW STRUCTURAL GEOLOGY

Conclusions:

- Land Gravity survey is a simple but robust approach to get
valuable insights on structural geology

- Lineament maps

- Cavity/sinkhole risk analysis (negative residual vall
associated with fault activitineaments)

- Competitive and easy to deploy
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OBSTRUCTIETECTION

For urban tunneling project
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> OBSTRUCTION DETECWEST ISLAND LIBMSHW TO SYP TUNNEC703

Dragages ativ
HongKong
Bouygues Construction grovp MAEDA

Drogages - Maeda - BSG Joint Venture T - 41 iR - 2RI B E

O

Overrun Tunnel Refuge Sidin
dismantled (TDM froBessar

TOM Up-Track
Running Tunnel

SYP Entrance
A1/AZ Structure

N7 2818 %2 % 2

AA\ BACHY SOLETANCHE
|

e ——

SECTIONB-B
o200

Several galleries were
excavated by hand from
the newly constructed IS
i¢ hiU §ge&eAkG
records did not confirm
whether all of thsteel
setswere removed but if
left in-situ they would
certainly impede the up
track TBM drive.
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> OBSTRUCTION DETECWEST ISLAND LIBMSHW TO SYP TUNNEC703
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> OBSTRUCTION DETECWEST ISLAND LIBMSHW TO SYP TUNNEC703

Borehole techniques (4 horizontal boreho

A 3D cross hole electrical imaging
A Borehole magnetometry

Total field (nT)
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> OBSTRUCTION DETECWEST ISLAND LIBMSHW TO SYP TUNNEC703

3D cross hole electrical imaging

COMPARISON 3 OR 2 STEEL SETS CONNECTED

=ESl Modelling of Electric Cylinder [JEs

_____ _V//M

&

BB BB RE S5 & E 2 e s ks

L5
.
infl 3
iy J Ty e e
__B — W ] g.;x(em) together
e e it WU///JR 0 s
b TIN IRLCER Yo s a] I

Conclusions
3 to 4 steels sets connected
together (from modelling)
No other large steel structures
{ UKUGAA r GCAAA
embedded inonccret
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> OBSTRUCTION DETECWEST ISLAND LIBMSHW TO SYP TUNNEC703

Ground freezing works by DMB JV to ext
hi U GhUUA GURGbH e

==
 — P N
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GRAMTE GRADE IV

s ' 45 Ny ' ‘
v A : - Lol Y Link toPolycarpet
3 e N al (HKIE, 2012)

“igure 6: Geological section of tunnel break-out

(a) Excavation by demolition robot  (b) View of gallery during construction (c) Steel set in the gallery

Figure 4: Gallery excavation
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https://www.researchgate.net/publication/292736042_Construction_risk_mitigation_of_the_tunnel_to_station_connection_using_artificial_ground_freezing_in_the_MTRCL_West_Island_Line_Contract_703?enrichId=rgreq-180be76b26ec676acabdb11d2faeea4a-XXX&enrichSource=Y292ZXJQYWdlOzI5MjczNjA0MjtBUzozODIwNjMxMzcwNTA2MjVAMTQ2ODEwMjM1ODkyOA%3D%3D&el=1_x_2&_esc=publicationCoverPdf

> OBSTRUCTION DETECWEST ISLAND LIBMSHW TO SYP TUNNEC703

v | 2mdithefexcavatidhelocatiowofthe
steebetsvasreachedpursteeketconnected
longitudinallywere found confirmingthe
finding®f thegeophysicalrveyAllthesteel
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rebar,steel concretepipesand meshwere
successfullgmovefiiontheTBM
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CYLJETECHNIQUE

Control of Jet Grouting columns
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> 3. CYLIJEIBT GROUTING (Double Jet)

€ H.P. Pump (grout)
€ Compressor (air)

b
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> 3. CYLIEPRINCIPLES

Slotted PVC pipe

Measured section
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> 3. CYLJEPROCESSING SOFTWARE SUITE

i CYtAaR® Y display of pseudsection

i CYuol® Y modelling

Measurements Model Calculatedection
. - . . ; 777
U CYlW Y inversionprocessing
(fine tuning)
 —  —
A | Modification 1 Comparison

.........................................................................................
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> 3. CYLJERIELD EXAMPGPRESTON (UK)

COLUMN 1: Modele CY0012

Z=1651m

Z=17m

Z=17.5m

=t

Z=188m
41.10m

Loosesand
Z2=208m

Z=234m Z:

Sand &
;i.grslrrnn Z sandstonéenses
Z=27m
Z=28m z
Z=2903m

35.1 i Z=

Horizortal scale:
0 2m Z=34m
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> 3. CYLJEHIELD EXAMPGWRIEDBERG TUNNEL (CH)

Measuredsection Calculatedection
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Thank you!

Sixensd.imited

23/F, Po Shau Centre, 115, How Ming Street
Kwun Tong, Kowloon,

Hong Kong

Tel: +852 2439 7899

Contact : contact.asia@sixense-group.com
https://asia.sixensegroup.com/




