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1. OUR GROUP | SIXENSE & VINCI

SPECIALTY NETWORKS
(Click here for more details)

VINCI is a major player in the
concessions and construction
businesses,present in some 100
countries.

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

Sixenseis part of the specialty
networksof VINCIConstruction.
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£¨wbh³9wɔ ʩǶɓǷǶǺMILLION
Employees: 10,667

£¨wbh³9wɔ ʩǺǻǺ aL[[Lhb
Employees: 2,389

£¨wbh³9wɔ ʩǶǽǷ aL[[Lhb
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Figures 2023
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1. OUR GROUP | SIXENSE: A GLOBAL FOOTPRINT 

846
people

400
engineers & doctors

20 
countries

ǵǷǼ aʩ
Turnover 2024
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SISSTERRA, A 3D AMBIENT 
NOISE TOMOGRAPHY
SOLUTION
For subsurface voids and sinkholes detection
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PRINCIPLES OF SISSTERRA® - 3D AMBIENT NOISE TOMOGRAPHY

8

Passive method, non-intrusive and 
easy to deploy

{ïĠĠħÜĜĜÄ˞ ęÜĜĆÜħ ØʁčęħïĆïĠÜĜ 
ĀʁÄķÄćÒÜĆÜćħ ØÜ ħĜÄķÄĬĽ ĠčĬħÜĜĜÄïćĠ
Use of ambient seismic noise 
generated by human activity

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



SISSTERRA- 3D AMBIENT NOISE TOMOGRAPHY
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3240 rays 

= 

3240 measurements

80 sensors

Seismic
interferometry

Assessment of soil quality and risk analysis 

throughout the future route of a TBM for 

better adaptation of digging parameters 

Noise
records

Requirements

2D irregular receiver network (1C/3C sensors)

Duration of recording of ambient noise = few 
days

Applications

3D Vs model

Precise site characterization



Inversion

SISSTERRA- 3D AMBIENT NOISE TOMOGRAPHY
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3240 rays 

= 

3240 measurements

80 sensors

Requirements

2D irregular receiver network (1C/3C sensors)

Duration of recording of ambient noise = few 
days

Applications

3D Vs model

Precise site characterization

surface waves

Cross-correlation of noise 
between A and B



CASE STUDY#1 ɷSINKHOLE& SOLUTION FEATURESMAPPING, INDUSTRIALSITE (MA)
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Subsurface Imaging in an Industrial Zone

Objective: Identifyzones of lower shear-
wavevelocity(Vs), whichmayindicate
potentialpathwaysfor chemical
infiltration or subsurface disturbances, 
leadingto dissolution of carbonate rocks



CASE STUDY#1 ɷSINKHOLE& SOLUTION FEATURESMAPPING, INDUSTRIALSITE (MA)
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Green anomalies highlight negativevelocitycontrasts, possiblyassociatedwith altered
groundor chemical-filled voids.

Red circlesmark recommendedverificationboreholes. 

Depthslices and 3D anomalymodelssupport targetedenvironmentaland 
geotechnicalinvestigations



CASE STUDY#1 ɷSINKHOLE& SOLUTION FEATURESMAPPING, INDUSTRIALSITE (MA)
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CASE STUDY#2 ɷSINKHOLEMAPPING, RUE CASANOVA AUBERVILLIERS(FR)
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Most likely location 
of the sinkhole 
(dated from 1960)



CASE STUDY#2 ɷSINKHOLEMAPPING, RUE CASANOVA AUBERVILLIERS(FR)
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Seismic nodeslocation



CASE STUDY#2 ɷSINKHOLEMAPPING, RUE CASANOVA AUBERVILLIERS(FR)
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Site Geology Depth(m)
Shear

Velocity Vs 
(ms)

Backfill 0 à 3.4 280

Masses and Marls of Gypsum (MMG) 3.4 à 7.5 420

Green sands(SV) 7.5 à 9.1 380

Marlsand limestonesof Saint-Ouen (SO) 9.1 à 21.2 420 à 470

Sands of Beauchamps (SB) 21.2 à 40.2 480 à 600

Marlsand rubbles(MC) 40.2 à 50 > 600



CASE STUDY#2 ɷSINKHOLEMAPPING, RUE CASANOVA AUBERVILLIERS(FR)
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Plan View

2D View3D View

Possible sinkhole ?



GRAVIMETRYTECHNIQUES
For assessing shallow structural geology
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GRAVIMETRY TECHNIQUES | ASSESSING SHALLOW STRUCTURAL GEOLOGY

1
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The project
- Development of an industrial site
- Necessity to obtain information on geological structures down 

to 60mBGL
- Survey design: ~1270m X 1270 m

Geological setting
¶ Superficial deposits: calcrete and clayey silt, between 0 and 

3mBGL,
¶ Calcareous marl and silty/marly limestone, between 3 and 

18mBGL, 
¶ Greenish and multi-coloured silty and clayey marl, between 18 

and 20mBGL,
¶ Greenish silty and clayey marl, between 20 and 30mBGL,
¶ Limestone, siliceous limestone, stratified marly limestone 

between 30 and 59mBGL,
¶ Brecciated stratified limestone between 65 and 88mBGL, 
¶ Fibrous gypsums, interlayedby a greenish clay layer between 88 

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

1300x1300m



GRAVIMETRY TECHNIQUES | ASSESSING SHALLOW STRUCTURAL GEOLOGY
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Land gravity survey
- ~15,200 points of measures
- Mesh 10m x 10m
- Survey design: ~1270m X 1270 m

3D Seismic reflection
¶ Receiver points (RP) 15214
¶ Source points:15158nos. VP (vibrated points

Magee et al.



GRAVIMETRY TECHNIQUES | ASSESSING SHALLOW STRUCTURAL GEOLOGY
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GRAVIMETRY TECHNIQUES | ASSESSING SHALLOW STRUCTURAL GEOLOGY
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Land gravity survey
3D Seismic reflection

Raw result: 
Bouguer anomaly.

mGal/m

Edge detection 
technique (THDR)

Signal processing

Horizon structure (H1) ʂ3D view Horizon identification (top of limestoneformation)

structure map blended with edge enhancement attribute (H1)



GRAVIMETRY TECHNIQUES | ASSESSING SHALLOW STRUCTURAL GEOLOGY

2
3

SIXENSE GENERAL PRESENTATION    | 

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 value 

associated with fault activity - lineaments)
- Competitive and easy to deploy



OBSTRUCTION DETECTION
For urban tunneling project
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OBSTRUCTION DETECTION | WEST ISLAND LINE ɷSHW TO SYP TUNNEL ɷC703
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Overrun Tunnel Refuge Siding to be 
dismantled (TDM from Bessac)

Several galleries were 
excavated by hand from 

the newly constructed ISL, 
ïć ħìÜ ǵǽǼǴʁĠɒ £ìÜ ÄĠ ÑĬïĀħ 
records did not confirm 
whether all of the steel 

sets were removed but if 
left in-situ they would 

certainly impede the up 
track TBM drive. 

?

?



OBSTRUCTION DETECTION | WEST ISLAND LINE ɷSHW TO SYP TUNNEL ɷC703
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Plan view

Side view

Front view



OBSTRUCTION DETECTION | WEST ISLAND LINE ɷSHW TO SYP TUNNEL ɷC703
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Borehole techniques (4 horizontal boreholes)
Å 3D cross hole electrical imaging
Å Borehole magnetometry

3D cross hole electrical imaging

Borehole magnetometry



OBSTRUCTION DETECTION | WEST ISLAND LINE ɷSHW TO SYP TUNNEL ɷC703
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Conclusions
Å 3 to 4 steels sets connected 

together (from modelling)
Å No other large steel structures
Å {ÜķÜĜÄĀ ɾĠĆÄĀĀɿ ħÄĜçÜħĠ 

embedded in conccret

3D cross hole electrical imaging

Borehole magnetometry

Modelling of Electric Cylinder



OBSTRUCTION DETECTION | WEST ISLAND LINE ɷSHW TO SYP TUNNEL ɷC703
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Ground freezing works by DMB JV to extract 
ħìÜ ĠħÜÜĀ ĠÜħĠɓ æĜčĆ Ä ɾæĜčŃÜćɿ çÄĀĀÜĜľ

Link to Polycarpe et al (HKIE, 2012)

ÝLink to Polycarpeet 
al (HKIE, 2012)

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 DETECTION | WEST ISLAND LINE ɷSHW TO SYP TUNNEL ɷC703
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ʋ!æĦÜě2monthsofexcavationthelocationofthe
steelsetswasreached,foursteelsetsconnected
longitudinallywere found confirmingthe
findingsof thegeophysicalsurvey. Allthesteel
setsandanumberofothersteelitemsincluding
rebar,steel concretepipesand meshwere
successfullyremovedfromtheTBM
excavationĘÄĦìʌ

S. Polycarpe, DMBJV



CYLJETTECHNIQUE
Control of Jet Grouting columns
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3. CYLJET|JET GROUTING (Double Jet)
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3. CYLJET|PRINCIPLES

Slotted PVC pipe

Measured section

+3

m

-3m
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3. CYLJET|PROCESSING SOFTWARE SUITE

ü CYLCART® Ý display of pseudo-section

ü CYLMOD® Ý modelling

ü CYLINV® Ý inversion processing

(fine tuning)

ComparisonModification

Measurements Model Calculatedsection
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3. CYLJET|FIELD EXAMPLE ɷPRESTON (UK)

Loosesand

Sand &
sandstonelenses
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3. CYLJET|FIELD EXAMPLE ɷRIEDBERG TUNNEL (CH)

Measuredsection Calculatedsection

No columnBoulder



Thank you!

SixenseLimited
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.sixense-group.com/


